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ABSTRACT 
The QS~ose of this thesis has been to describe features 
occurring in the Arkansas barite deposits and to offer an 
interpretation regarding the genesis of the barite deposits. 
Three genetic interpretations have been offered in the 
past: (I) syngenetic precipitation of Ba and S ions con-
tained in the sea water; (II) concentration by lateral 
leaching and secretion from the enclosing sedimentary rocks~ 
(III) formation through hydrothermal replacement. The 
stratigraphic association of barite with volcanic tuffs 
suggests that the following possibility should also be con-
sidered: (IV) syngenetic precipitation of Ba and S ions 
from exhalative volcanic sources. 
Field and laboratory work has been carried out to find 
connotation-free criteria supporting or ruling out any of 
these four modes of origin. The most conclusive criteria 
support a contemporaneous deposition. The sources of the 
barium and sulphur is still uncertain. 
The principal criteria used were 1, textural and 2, 
compositional. 
Comparisons with other major layered barite deposits 
were also made, especially the Meggen and Rarnrnelsberg 
deposits in Germany. 
The follow1ng seven observations are among the criteria 
suggesting a sedimentary origin (theory Ia or Ib, see figure 
1 in thesis). 
(1) Extensive E~ional distribution of the barite at essen-
tially the same stratigraphic horizons. 
(2) Distribution distinctly congruent to horizontal sedi-
mentation units (troughs, ridges, lenticular swells, etc.). 
(3) Lack of assoc1ation with postdepos1tional crosscutting 
features. 
II (4) Abundance of depositional sedimentary features (ooliLes, 
top-bottom, geopetal or gravity features, diagenetic cernen-
tation features inside and outside of intraformational brec-
cias, sedimentary sequences or cycles, etc.). 
Numerous geopetal structures formed at the time of 
sedimentation and during burial and compaction have been 
described for the first time. 
These structures offer a direct approach to the genetic 
interpretation. For this reason a major portion of the the-
sis work is concentrated on them. They include a) bedding 
around barite nodules where a triangular-shaped shale wedge 
~ccurs along the side of the barite nodule, b) sagging and 
compaction features of barite and shale layers and the sag-
ging of bedding between barite nodules, and c) the shapes 
of lenses and nodules in which the bottom surfaces are more 
gently curved than the top surfaces. 
include slumps and recumbent folds. 
Other gravity features 
(5) Microscopic textures indicating crystal growth in an 
ooze, partly from a colloidal state. Microscopic studies 
also showed microfossils filled or associated with pyrite 
and sphalerite in Meggen and with barite and pyrite in the 
Arkansas deposits. 
(6) Barite deposition on the present ocean floor in sedi-
ments similar to the Stanley Shale. 
(7) Occurrence of similar deposits in other geosynclinal 
belts, e.g., the Moreno Shale in California and the Meggen 
and Rammelsberg district in Germany. The latter two deposits 
were compared with the Arkansas deposits. This comparison 
also includes a number of descriptions of geopetal and other 
sedimentary features not known to date. 
The layering of the barite and sulfides of Meggen and 
that of the Arkansas barite deposits in the Stanley Shale 
are very similar in various respects. This similarity and 
the close association of barite and pyrite in the three 
deposits suggest a relationship in· origin. 
/ / 
R E S U M E 
/ / / 
Les gisements de barytine de l 1 Arkansas ant ete d~crits, 
comme 1 c un des districts 'a barytine seule, les plus grands 
du monde. Jusqu 1 a pr~sent trois interpr~tations genetiques 
/ / / 
en ont ete proposees: 
Ia Pr~cipitation a partir de l'eau de mer; 
IIa- Concentration par lessivage et secre'tion late'rales 
~ / 
a partir des roches sedirnentaires encaissantes; 
IIb - Formation par rernplacernent hydrothermal; 
LJassociation stratigraphique de la barytine avec des 
tufs volcaniques suggere que la possibilite' suivante devrait 
egalement etre prise en consideration; 
Ib - Sources volcaniques exhalatives avec d~pat contern-
porain du minerai. 
/ / Le travail de terrain et de laboratoire etait destine 
~ rechercher des criter~s perrnettant le choix entre l'une ou 
l'autre de ces quatre origines possibles. Les processus ont 
~t~ mis en ~vidence, mais les sources du S et du Ba restent 
cependant incertaines. 
'- / Les observations suivantes suggerent une origine sedi-
mentaire ( theorie Ia ou Ib): 
1) Distribution horizontale de la barytine sur de grandes ~Lundues dans pratiquement les rn~rnes niveaux stratigraphiques. 
2) Distribution netternent concordante (*) avec des 
structures sedirnentaires horizontales (creux, rides, epais-
sissements lenticulaires, etc ... ). 
/ 3) Absence de relation avec des structures secantes 
~ . / ~ poster1eures au depot. 
/ 4) AhJndance de figures sedirnentaires (oolites, figures 
de ~Dlarite ou de gravite, figures de cirnentation diagene-
tiques a l'interieur eta l'exterieur de breches intra-
formationnelles, cycles ou sequences sedirnentaires, etc .•. ). 
5) Textures microscopiques rnontrant que la croissance 
cristalline s'est faite dans une boue, quelquefois a partir 
/ ., d 1 un etat collo1dal. 
6) Depot de barytine sur les fonds oceaniques actuels 
dans des sediments sernblables au "Stanley Shale". 
7) Presence de formations similaires dans d'autres zbhes 
geogynclinales, par ex. le "Moreno shale" de Californie et les 
districts de Meggen et Ramrnelsberg en Allemagne. 
"' ( *) Pour la definition exacte de ce terme, "congruent 11 en Ang1ais, 
voir AMSTUTZ, G. c. (1962), chronique des Mines no 308, pp. 115-
126. 
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I I N T R 0 D U C T I 0 N 
A Object~ve and outline of study 
The objective of this study has been to determine the 
geometric and mineralogic relationships existing between 
the barite and related sediments in the Stanley Shale in 
Arkansas and also to establish geometric, mineralogic, 
petrographic, and geochemical criteria for the interpreta-
tion of the origin of the barite and associated minerals. 
In addition, comparisons with German deposits have been 
made. 
Three interpretations (see figure l) have been offered 
in the past for the origin of the Arkansas barite deposits: 
1) formation through hydrothermal replacement (SCULL, 1358)~ 
2) concentration by lateral secretion in the Stanley Shale 
following leaching from the enclosing sedimentary rocks~ 
and 3) syngenetic precipitation of Ba and S ions contained 
in the sea water. Because volcanic tuffs are also associ-
ated stratigraphically with the barite, a fourth possibility 
(see figure 1) should also be considered: 4) syngenetic 
precipitation of Ba and S ions from exhalative volcanic 
sources. 
Field and laboratory work has been carried out to find 
connotation-free criteria supporting or ruling out any of 
these four modes of origin. The field work has consisted 
of an examination of,stratigraphic sections, collection of 






Sedimentation of material originating 
from erosion only; Ba, S, 0 endogenous 
to the rivers and to the ocean waters 
of the Mississippian sea. • 
BaSOt,. in chert 
· c: lb Volcanic-exhalative Ba and/or S mixed ,, 





BaSOt.. endogenous to the 
sedirnents, but concentrated 
by circulating groundwater. 
jBoS04 
Jib BoSO.~t exogenous to the sedi-
ments-introduced from the 
Cret. Magnet Cove ring dike. 
Figure 1. Genetic interpretations offered for the Arkansas 
barite belt. 6S = 0 symbolizes endogenically derived 
barite and AS = n symbolizes exogenically (including 
volcanically) derived barite. 
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specimens and the drawing in the field of detailed cross-
sections and views in perspective of the stratigraphy and 
structure in the barite cuts during June through August of 
1960 and 1961 in Arkansas. Six weeks were spent in Meggen 
in 1962 and 1963 and one day at Rammelsberg, Germany in 
1963. 
Laboratory work has consisted mainly of analyzing the 
fabric and mineral composition of the ore-bearing shale as 
revealed in thin sections and hand specimens. The Stanley 
Shale barite has been compared with examples from the 
literature, and with material collected from the Meggen 
and Rarnrnelsberg deposits. The criteria for the genesis of 
the Stanley Shale barite were investigated for potential 
use in exploration. 
Iron sulfide minerals associated with the barite were 
identified with X-ray equipment by Mr. Samuel Chan. Pyrite 
microspheres present in the barite and shale beds were 
examined by Dr. L. Love of the University of Sheffield, 
England. More than 50 barite samples were analyzed by wet 
chemical and by flame photometric methods at the Minera-
II II 
logisch-Petrographisches Institut der Universitat Tubingen, 
W. Germany by Dr. H. Puchelt and the author. The samples 
were also analyzed for oo 2 content, and specific gravity 
determinations were made with the pycnometer. 
3 
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B Previous work 
The barite deposits of Arkansas have been given little 
previous attention with respect to their genesis. The only 
papers giving authentic descriptions are those by PARKS & 
BRANNER {1932), MCELWAINE {1946), JONES {1948), and SCULL 
{1958). The reports of PARKS, JONES, and MCELWAINE present 
mainly data collected during exploration projects. In 
addition, MCELWAINE gave brief descriptions on at least 
five main ore types which he recognized. Chemical analyses 
were reported in these exploration studies. 
Many of the deposits were studied by SCULL who also 
reported some spectrographic analyses. He proposed a 
genetic interpretation, but his criteria for replacement 
are either not clear or, in the opinion of the writer, do 
not support replacement. None of the four authors reported 
on sedimentary features in the barite. 
Large- and small-scale sedimentary features in the 
Arkansas barite deposits were reported by ZIMMERMANN & 
. ... ! ~ 
AMSTUTZ {1961, l964a, l364b). Numerous sedimentary features 
were observed in the barite deposits during their investiga-
tion. 
A monograph has been written on Meggen by EHRENBERG, 
et al. {1954) and on Rammelsberg by E. KRAUME {1955). Geo-
petal features are not described. 
Literature which has been useful in the study of sedi-
mentary structures has included AMSTUTZ {1959), SANDER 
5 
(1951), MCKEE, et al. (1962), SHROCK {1948), KUENEN (1953), 
and HAYASHI (1960). SANDER deals mainly with geopetal, 
gravity or top-bottom features. He was the first to use 
the term "geopetal". 
Recent experimental work in producing sedimentary 
structures has been carried out by MCKEE, et al. (1962). 
--
A very valuable contribution to the study of sedimen-
tary structures is the compilation of numerous sedimentary 
features by SHROCK ( 1948). KUENEN ( 1953), HAYASHI { 1960), 
TARR (1921) and others have made studies on graded bedding, 
slumps, concretions. sole markings, current markings and 
other features. Reference is made to these works in the 
descriptions and discussions that follow. 
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II D E S C R I P T I 0 N 0 F T H E 
A R K A N S A S B A R I T E D E P 0 S I T S 
A Location of Arkansas deposits 
The west-central Arkansas barite area (see figure 2) 
follows the east-west trend of the Ouachita Mountains. 
The largest deposit in .it is located in the Magnet Cove 
district which is on the south side of the Zigzag Moun-
tains. This deposit occurs in the Chamberlain Creek 
syncline which is located about 15 miles east of Hot 
Springs, Arkansas, and about two miles northeast of the 
town of Magnet, Arkansas. The Chamberlain Creek syncline 
deposit is the largest single producing barite deposit in 
the world. Smaller deposits occur locally to the east and 
west in the adjacent and neighboring synclines. 
A second group of deposits is known as the Fancy Hill 
District. These deposits occur about 55 miles to the west 
of the Magnet Cove District, south of the Caddo Mountains. 
Within this district are the Gap Mountain deposits, the 
Fancy Hill or Henderson deposits, the McKnight deposit and 
the Eagles Nest deposit. The deposits lie from five to 15 
miles west of Glenwood, Arkansas. A third group of deposits 
known as the Hatfield District are located about 70 miles 
west of Hot Springs, Arkansas, and about 10 miles south of 
Mena, Arkansas, and about 5 miles east of Hatfield, Arkan-
sas. A fourth group of deposits is located in the neighbor-
10 
ARKANSAS 
0 10 20 30 40 50Km 
LEGEND 
c==J Cretaceous and Tertiary 
miDillill Mississippian and Pennsylvanian 
111m Cambrian, Ordovician, Silurian and Devonian 
Figure 2 . Geologic map of the western part of central 
Arkansas . 
Throughout western Arkansas the deposits in the 
Stanley Shale occur in the lower part of this extremely 
thick clastic shale. The deposits in the Magnet Cove and 
Fancy Hill Districts occur just above the contact with the 
underlying Arkansas Novaculite (Devonian -· Mississippian 
in age), or just above the hard chert and sandstone layers 
of the Hot Springs Sandstone Member which occurs at the 
base of the Stanley Shale. Structurally, they occur in 
synclines on the rim of the Mazarn synclinorium south of 
the Crystal Mount:a.in anticline which is the main uplifted 
area of the Ouachita system. Erosion of the anticlines 
has removed the part of the section with the barite beds. 
ll 
The barite beds in the Hatfield District to the west 
occur interbedded with shale and chert in the Middle Arkan-
sas Novaculite. The chert layers in the Middle Arkansas 
Novaculite are medium-bedded. 
the flanks of local synclines. 
The barite beds lie along 
Tr1e deposits to the south, in the Dierks District, 
occur in the sandstone and conglomerate beds of the Pike 
Gravel in the lower part of the Trinity Group of Lower 
Cretaceous age. They rest on the folded beds of the 
Ouachita system, which is Paleozoic 1n age. 
C Lithologic an~ stratigraphic relationships of the 
barite occurrence within the Stanley __ Shale 
and Arkansas Novaculite 
12 
Barite, chert, and carbonate are interrelated in their 
occurrence in the Arkansas Novaculite and Stanley Shale in 
the Chamberlain Creek syncline. The relationships may be 
expressed as follows: 1) Barite in beds up to 1 meter in 
thickness is associated with interbedded shale and chert 
in the Middle Arkansas Novaculite (Hatfield District). The 
barite in the Stanley Shale first appears as thin layers 
interbedded with shale in the Chamberlain Creek syncline. 
The shale and barite beds overlie beds of chert, which are 
interbedded with shale, and which become progressively 
thinner upward~ 2) Barite beds in the Stanley Shale con-
taining disseminations of calcite and dolomite and are 
associated with calcareous beds; calcite occurs abundantly 
as disseminations in the Upper Arkansas Novaculite7 
3) chert layers are more abundant relative to barite layers 
in the Middle Novaculite~ chert is almost absent in the 
thick barite section in the Stanley Shale (though fine-
grained quartz is abundant). 
Conglomerates consisting of novaculite fragments which 
occur in places in the lower part of the Stanley Shale and 
often in the barite beds show that sediments were being 
eroded from nearby areas and deposited in basins. 
The barite deposits are unsymmetrical to post-deposi-
13 
tional features such as faults and intrusive igneous dikes. 
Within the Ch~mberlain Creek syncline the oarite beds are 
faulted along igneous dikes. The dikes are probably re-
lated to the nearby Magnet Cove ring dike of Cretaceous 
age. The barite deposits in t~e Stanley Shale ex~end for 
a distance of over 60 rnlles to the west of the Magnet Cove 
area. 
A portion of the Arkansas Novaculite - Stanley Shale 
section is well exposed in the syncline which lies on the 
south side of the Chamberlain Creek syncline. Barite is 
not present here although t..he section {Section I) is located 
not fa-r from the Chamberlain Creek syncline barite deposit 
and is representative of the Arkansas Novaculite ln the 
barite belt. The beds strike N 65° E and dip 78° SE. The 
sectiDn is given below. 
SECTION I* 
Location: In the railroad cut near the country road 
0.6 mile NE of highway 270 at Magnet, Arkansas, in NE~, 
Sec. 21, T 3 ~~ R 17 W. 
* The stratigraphic section has been subdivided into litho-
logic units with the units numbered along the left margin. 
All sections in this paper are described in this manner. 
The metric system is used because of its simplicity and 
wider usage. 
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SECTION I (cont. ) 































20 Siltstone, massive-bedded. 
45 Sandstone, shale, and conglomerate, thinly 
interbedded. 
45 Siltstone. 
65 Shale, silty, with scattered 5 em. beds of 
purple, sandy shale. 
8 Novaculite. 
45 ShaJ.e. 
30 Novaculite beds, black, with thickest-(10 to 
15 em.) bed at base and thinner novaculite 
beds interbedded with shale above this. 
80 Shale, gray. 
5 Similar to 24. 
10 Shale, gray. 
5 Shale, purple, hard, thin-bedded. 
40 Shale, gray. 
5 Novaculite, black, thin-bedded. 
18 Shale, gray, with purpLe streaks. 















Sandstone, gray, with faint purple stain in 
places, usually quartzitic. Beds 20 em. to 
1.5 m. thick and traversed by quartz veins 
1 to 5 em. thick. Iron oxides along bedding 
planes in upper part. 
Shale, sandy, gray. 
Quartzite, gray, medium-bedded, with flat lower 
surface and wavy upper surface. 
Shale, gray, thin- to fissile-bedded. 
Novaculite 
Novaculite, dark gray to black, hard, brittle, 
with beds 2.5 to 10 em. thick. 
Novaculite, thick-bedded, similar to 13. 
Novaculite, hard, brittle, with beds from 2.5 
to 13 em. thick. 
Similar to 11. 
Novaculite, with beds 1 to 10 em. thick. 
Novaculite, light gray, thick-bedded. 
Novaculite, hard, similar to 8, with beds 5 
to 15 em. thick. 
Novaculite, white, porous. 
Novaculite, dark gray to black, with thin 
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SECTION I {cont.) 















(0.5 em.) to med1um (10 em.) beds. Lower 
surface wavy. 
Novaculite. Typical Upper Novaculite. At 
top is 90 em. of thin layers of orange 
novaculite. 
Sandstone, quartziti~, thick-bedded. 
Novaculite, white. 
Novaculite, black, hard, brittle. 
Middl~ Novaculite 
35 
Shale, with 2.5 to 30 em. thick beds of inter-
bedded novaculite from 18.3 to 24.4 m. above 
the base of the section. Within this 6.1 m. 
novaculite-shale section is a 30 em. bed of 
black novaculite. 
Novaculit€?, black, thin-bedded, and with beds 
up to 10 em. thick, and interbedded with 





Novaculite, massive, grading upward into dis-
tinguishable beds in upper part. 
The Middle Novaculite consists of abundant shale with 
interbedded 1.5 to 30 em. beds of novaculite in a zone near 
the base and in the upper one-fourth of the section. In 
the upper one-fourth of the section of Middle Novaculite, 
the novaculite begins as thin, widely spaced beds which 
become thicker and more closely spaced, and narrower and 
more widely spaced again farther up in the section. 
The Upper Novaculite includes t'WO main parts. The 
upper part (units 8 to 16 inclusive) contains 5.65 m. of 
thin (0.5 em.) to thick (30 em.) beds of hard, brittle 
16 
novaculite. The second part of the Upper Novaculite (units 
4 to 7 inclusive) contains 11.8 rn. of the following: 
1) hard, brittle novaculite7 2) a quartzite bed, and 
3} typical white, porous {calcareous) Upper Novaculite. 
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D LQ~~l geology of the deposits 
The local geology of the barite deposits, except the 
ore-bearing rocks themselves, are described in this section 
of the paper. The geology of the Chamberlain Creek syncline 
deposit,which is the largest deposit in the Stanley Shale,is 
described first, followed by geological descriptions of 
other deposits in the Stanley Shale which lie to the west. 
The deposits occurring in the beds of the Arkansas Novacu-
lite and which are also the most westerly of the Arkansas 
deposits are described at the end of this section. 
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l Chamberlain Creek syncline 
The Chamberlain Creek syncline is located about 15 
miles east of Hot Springs, Arkansas and contains the largest 
known barite deposit j_n t-he St.anley Shale. The syncline 
plunges to the southwest into the north part of che Mazarn 
synclinorium. The syncline is roughly parallel to the 
neighboring synclinal and anticlinal structures in the Zig-
zag Mountains. 
a St,raL.ig_~-~el''-ic sectis:Q. The stratigraphic section 
(Section II; see also figures 3 and 6) given below has 
been measured along the west wall of the Baroid pit. The 
pit shape follows the ou·~_ljne of the syncline. The Arkan-
sas Novaculite is exposed on the sides of the pit and the 
Stanley Shale is exposed in the pit and along the west wall 
of the pit. The Hot Spr1ngs Sandstone Member at the base 
of the Stanley Shale is well exposed along the south flank 
of the syncline. These beds are described in the previous 
section (Section I, p. 13) in which barite is absent, and 
in the stratigraphic section west of the west wall in the 
Chamberlain Creek syncline (Section VI, p. 89) in which the 
Hot Springs Sandstone beds occur just below the barite beds. 
The tuffite beds (probably Hatton Tuff) are exposed in 
the upper third of the west wall of the syncline (see Plate 
1). These tuff beds have not been previously described in 
the Chamberlain Creek syncline. 
































































Siltstone, gray, wj_th 5 to 20 c·m. t.hick 
beds near top, and 1 m. at base. 
Shale, black. 
Siltstone, weathering as follows: 1. 7 m. 
yellowish green at top, 30 em. red in 




Quartzite, light brown, hard, thick-
bedded, with inclusions measuring 3 rnm. 
th1ck and l ern. long. At base of bed 
is a 2.5 to 10 em. layer of conglomerate. 
Shale, black, interbedded with gray to 
olive shale from 10 to 15 ern. thick in 
lower half. 
Similar to lOS. Tuffite beds from unit 93 
to 109 inclusive. 
Similar to 106. Tuffite (?} with lenses 
up to 2.5 ern. thick. Also thin 2.5 ern. 
lenses of black shale. 
Similar to 105. 
Tuffite, with 6 mrn. lenses consisting of 
1. 5 rnm. to 6 mm. feldspar crystals .• 
Shale, weathered to gray, silty clay. 
Covered. 
Similar to 95. 
Similar to 93. 
Similar to 95 with interbeds of quartz 
up to 2 • 5 em. thick. 
Similar to 9 3. 
Similar to 97. 
Sim1lar to 94. 
Tuffile, gray, fine-grained, with scattered 
feldspar frag1nents. 
Similar to 93. 
Tuffite, olive, with abundant 1.5 rnrn. 
grains of feldspar similar to tuff 
which occurs at Cove, Arkansas and 
trends E-W i.nto Oklahoma •. 























































































SECTION II (cont.) 
Tuffite, olive, with large wh1te feldspars 
(2 to 3 mm. long) but not as abundant 
as in underlying tuffite. Also with 
pits of 5 mm. width formed by weathering 
of feldspars. 
Tuffite (?), olive, with abundant small 
(1 rnm. and less) white feldspar crystals 
at 60 em. up in section and at 5.5 rn. up 
in the section. 
Shale, black, fissile. 
Siltstone, gray. 
Shale, black. 
Siltstone, olive-colored in three layers, 



















Shale, whic.h grades into underlying sil·t-
stone. 
Siltstone, stained white on outer, 
weathered surface. 
Shale, black. 
Siltstone, gray, grading upward to black 
shale. 
Shale, with 1.3 ern. siltstone lenses. 
Siltstone, gray. 
Shale, black. 
Siltstone, with shale in upper part. 
Shale, black. 
Siltstone, with abundant pyrite cubes of 
about 1.5 rnrn. diameter. 
Siltstone, gray. 
Siltstone, gray, with interbeds of dif-
ferentially weathered siltstone measuring 












































































SECTION II (cont.) 
up to 1.3 em. thick. 
Shale, black. 





Igneous larnprophyre sill (Cretaceous). 
Shale, black. 
Siltstone, gray, thick-bedded, which 
grades upward to black shale. 
Shale, black. 




Siltstone, gray, with black shale inclu-
sions in upper 45 em. 




Shale, dark black, fissile. 
Siltstone, with black shale inclusions 
up to several em. in length and 2.5 ern. 
in thickness. 
Siltstone, with 30 to 60 em. of black 
shale in places near top • 
Shale, black. 
Siltstone. 
Igneous lamprophyre .sill (Cretaceous). 
Sill splits in places with beds of 30 
em. thickness and thinner of siltstone 
and shale in middle. 






Shale, with 5 to 30 em. beds of gray 
siltstone in lower half. 
Siltstone, gray. 
Shale, black, with gray siltstone lenses. 
Sandstone, gray, massive-bedded, with 
feldspar fragments. 
Shale, silty, black. 
Siltstone, shaly, black, massive-bedded. 
Siltstone, shaly, massive-bedded. 
Siltstone. 
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SECTION II (cont. ) 
No. m. em. mm. 

















































em. thick interbedded with harder, silty 
shale whose beds are 2.5 ern. in thick-
ness. 
Shale, silty, hard. 
Shale, black. 
Sandstone, with 15 em. shale at base and 
carbonaceous shale at top. 
Sandstone, gray, hard, thick-bedded. 
Shale, black. This is approximately the 
















Sandstone, hard .. 
A section (Section III) stratigraphically above the 
barite beds was measured along the southwest wall of the 
Chamberlain Creek syncline to show the lateral variations 
in sandstone and shale thicknesses with Section II. Sec-
tion III is given below (see also figure 3). 
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SECTION III 
Location: Southwest wall of Chamberlain Creek syncline 
open p1 t. 































































Sandstone, gray, massive-bedded. Corre-
lates with units 22, 23, and 24 of 
Section II. 
Shale, with beds 15 ern. thick, and separ-
ated by beds of hard sandstone from 2.5 
to 7.5 ern. thick. 
Shale, black. 
Sandstone, hard. 
Shale, dark gray. 
Sandstone. 
Sdndstone, gray. 
Shale. black. with lenses of hard sand-
stone from 5 to 10 ern. thick near top. 
(Correlates with unit 15 of Section II). 
Sandstone, which grades upward to shale, 




Sandstone, black, hard. 
Shale, black, with 4 em. beds of hard 
sandstone spaced 10 to 60 em. apart. 
A horizontal dike of igneous rock 
cross-cuts ~he beds. 




Shale, black, with one 4 ern. bed of sand-
stone. 
Shale, black. 
Sandstone, hard, medium-bedded. 
Shale, black. 
Sandstone, hard. (Correlates with unit 1 
of Section II). 
Shale, black, with thin barite layers. 
Sandstone. 
Shale, black, with a few 5 ern. beds of 
sandstone, and thin layers of pyrite. 
Barite layers in places. 
No. m. em. _ rrun_~ 
2 30 
7 20 
E) 3 52 
5 45 




Barite bearing beds with siltstone and 
shale. 
Breccia, with chert fragments silt-
stone and haLite. 
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t1 18 Barit.e, interbedded ~vit.h snale and silt-





Chert and quartzite masses and concretions 
y..;'i th bollldery, marrnnillary shapes, and 
surrounded by black shale. 
C~ert, and cherty quartzite interbedded 
wi tr-, sl1a le in places. 
Ir .. gen e:r a. l, z-.ne st.ra. tigrap.hi;::: section (Sect ion II and 
IJI) in the Ch~berlain :::reek syncline consists mainly of 
t.he folJowing lithologic types, from top to oottom: 
1. Tuffaceous rock and sandstone. 
2. Black shale and sandstoae rhythms. 
3. Barite beds_ 
4e Chert masses and concretions surrounded and over-
l;:dn by bla('k sha lc. 
These main lithologic t~~es ~re described below. 
b Bouldery chert masses and concretions. The uppermost 
part of the abundant chert and cherty quartzite section of 
the Upper Novaculite - Hot Springs Sandstone Member includes 
boulders and concretions of chert and cherty quartzite. The 
quartzitic material has been locally named the Magnet Sand. 
The boulders and concretions are well exposed along the 
central part of the south flank of the syncline. 
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The boulders are often surrounded by black shale (see 
figure 1, Plate 2). The concretions are associated with a 
brecciated blanket, also of cherty quartzite (see figure 2, 
Pldte 2). The masses themselves range up to 1.5 meters in 
diameter. Examinat.ion of concretions revealed them t.o con-
tain alternating layers or shells of black chert and chert.y 
quartzite (see tigure l, Plate 3). Coarse grains of pyrite 
of:ten occur w.i..t.h Lhe qudrtzitic shells. The interiors of 
the c..--oncretions often c."'nsisL of a core of black shale (see 
figures 1 and 2, Plate 3). 
A thin section was made of a portion of a chert mass 
showing ~lternating layers of one and two mm. thick lamina-
t.ions. 
Microscopic examination showed the thin layers to con-
sist of clear, intergrown quartz grains averaging 0.1 mm. 
in diameter, and of spotted grains of 0.1 mm. thickness 
with the radial, fibrous, growth patterns of chalcedony. 
The thicker 2 mm. layers consist of microgranular 
quartz grains from 4 to 5 microns in diameter. Larger 
grains occur here and there arranged in spherical patterns, 
each of which rims an interior of microgranular quartz. 
The spheres average about 0.13 mm. in diameter. 
On the north flank of the syncline pure fine-grained 
pyrite nodules measuring as large as 5 em. in diameter were 
found to occur in the humpy, quartzitic material. 
c Black shale. A thin zone of black shale is associated 
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Figure 1. Boulders of chert and cherty quartzite surrounded 
by black shale. 
Figure 2. 
breccia . 
Chert concretion resting on blanket of chert 
For scale see hammer below concretion. 
Plate 2. Chert boulders and concretions at the base of the 
Stanley Shale in the Chamberlain Creek syncline. 
Figure 1. A layered chert concretion. 
Figure 2. Part of the interior of the above concretion 
contains black shale. 
Plate 3. Chert concretions from the base of the Stanley 
Shale at the Chamberlain Creek s·yncline. 
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with the chert masses and overlies Lhe chert masses. In 
places large (up to 4 em.) pyrite nodules with black shale 
inclusions or blctck shale nodules with pyrite were observed 
in different places in the pit. Figure 1, Plate 4 shows a 
layer of nodules from the section at the nose of the syn-
cline. The pyritic black shale nodules occur throughout 
most of this black shale section. 
Between the black shale layers, there occur gray clay-
stone layers. Large egg-shaped clayey nodules up to 5 em. 
in diameter occur in the claystone on the north flank of the 
syncline (see figure 2, Plate 4). 
Along the north flank, the shale in places is contained 
in large, bowl-shaped depressions in the underlying quartzitic 
material (see figure 1, Plate 5). 
d Barite beds. Stratigraphic sections containing barite 
deposits are described in detail on pages 48 to 171. 
e Sandstone - shale. The sandstone-shale sequence in the 
Chamberlain Creek syncline contains typical lithologies 
found in the lower part of the Stanley Shale in Arkansas, 
and a study of some of the relationships have been made 
toward the solution of the problem of the formation of these 
sediments. 
A peculiar feature of the sandstone and shale occurs 
as alternating beds. The shale beds are the most persistent 
laterally. The sandstones are often lenticular (see figure 
... ,)'§. ... :· .~ 
........ -~ 
-I 
Figure 1 . Pyrite nodules in black shale. 
Figure 2 . Nodules in gray claystone . 
Plate 4. Pyrite nodules in black shale and nodules in gray 
claystone near the base of the Stanley Shale. 
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Figure 1. Bowl-shaped depression in q~artzite bed (locally 
called the Magnet Sand) stratigraphically below the barite 
bearing beds on the north flank of the Chamberlain Creek syn-
cline. 
Figure 2. Sandstone lens near the upper part of the sand-
stone - shale rhythm below the tuff beds fro~ the north 
flank of the Chamberlain Creek syncline . 
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I I 
2, Plate -:;). 
bedded. 
;;;;ome or t:!le lnick Sdndstone L,nits are cross-
Over~y1ng the barite beds the individual shale layers 
ar? fairly ~hick and alternate with thin sandstone layers. 
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The alternating shale-sandstone beds form groups of layers 
which a1:·f> i.nt.erbedded w:Lt:.h sandst.one unit-s of thicknesses 
similar to the thickness of the sandst.one-shal'-' groups. In 
figure 3 bracket:s are placed beside Section Il where sand-
stone-shale alternations occur and are numbered for reference. 
Higher in the section, thick shale units alternate with 
thick sandstone units as shown by the brackets numbered 3 
and 4 in figure 3. Each shale unit becomes progressively 
thicker up section (bracket 5 in figure 3). Higher in the 
section, the shales ar~ again interbedded with sandstone 
(brackets 5, 6, and 7). The sandstone units now are thicker 
and therefore form thick groups of alternating sandstone and 
shale. The sandstone - shale groups are separated by thick 
siltstone units (between brackets 7 and 8). Still higher 
in the section the groups become still thicker (bracket 9). 
The graph (figure 4) of average shale thickness vs. 
number of sandstone units in the various sandstone-shale 
a,lternation groups (figure 4) shows the following: 1) The 
thickness of the shale units decreases with increasing num--
ber of sandstone units within a sandstone - shale alterna-
tion group, and 2) As in the case with groups 7, 8, and 9, 
with each group stratigraphically higher in the section, 
the thickness of the shale units decreases steadily upward. 
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The first point could indicate that a greater number of 
sandstone un1ts with thinner shale between them is the 
result of more frequent interruptions in noxmal shale 
deposition by sandstone units. 
The sandstone beds always grade upward into shale and 
on a larger scale as with alternations 8 and 9 there is to 
some extent a steady upward decrease in sandstone and over-
lying shale thicknesses. 
The units which compose the various numbered sandstone-
shale alternations from stratigraphic Section II as shown 
in the graph (figure 4) are presented below. 
1 & 2: Group 1 & 2 (Units 2-12) , and intermediate sandstone 
(Unit 7). 
3: Group 3 (Units lS-16), and underlying sandstone 
(Units 13, 14). 
4: Group 4 (Units 19 21). 
5: Group 5 (Unit 27), and underlying sandstone (Unit 
6: Group 6 {Unit 29) 1 and underlying s~ndstone (Unit 
7: Group 7 {Units 31-38). 
8: Group 8 (Units 41-56). 
9: Group 9 (Units 61-88). 
Microscopic examination of the sandstone (No. 26) in 
Section II shows about 75% to 85% angular quartz, chert, 
26). 
28), 
and feldspar fragments, 10% to 15% clay, mica, and chlorite. 
Some quartz grains show recrystallization or alteration 
effects along their outer surfaces to fibrous sericite. 
Quartz grains predominate among the detrital components, 
which are poorly sorted. The grains average 0.15 mm. in 
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diameter. Some are as large as 0.5 mm. in diameter. Chert 
fragments are as large as 4 mm. in length. Some feldspar 
fragments are larger than 1 mm. in diameter. According to a 
sandstone classification in KRUMBEIN and SlOSS (1963, p. 168), 
adapted from data in PETTIJOMN (1954), the rock is classified 
as a subgraywacke to lithic graywacke. The rock appears 
similar to the illustration of graywacke by PETTIJOHN ( 1957, 
Plate 19) from the Stanley Shale. The Stanley Shale is 
called flysch by CLINE (1960, p. 100), VANDER GRACHT (1931, 
p. 697), and other authors. 
According to the sandstone classification devised by 
PETTIJOHN (1954), subgraywacke is similar to protoquartzite 
(i.e., quartz content greater than 75% and less than 95%7 
detrital matrix (fine-grained and clayey components) under 
15%~ rock fragments exceed feldspar), but subgraywacke con-
tains less than 75% quartz. Lithic graywacke also contains 
less than 75% quartz, but the detrital matrix is greater 
than 15%. 
Many of the silty shale and argillaceous rocks examined 
in detail in the barite beds also are classified as subgray-
wacke and lithic graywacke rock types as defined above. 
These lithologies indicate tectonic movements and generally 
rapid accumulation of sediments in a geosyncline. 
f Tuffite. The tuffite beds occur 100 m. above the contact 
of the Arkansas Novaculite and Stanley Shale in the upper 
part of Section II from unit 93 to 109 inclusive. The 
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Hatton Tuff Member lies at about the same horizon in western 
Arkansas and Oklahoma. Figure 2, Plate 6, shows the tuffite 
section. Plate 7 shows close-up views of the bedding and of 
the feldspars in the outcrop. 
In the hand specimen, the rock is olive green, soft and 
porous. Much of the outer surfaces are weathered. 
Microscopic examination shows the rock to consist of 
8% quartz, SO% altered feldspars, many of which are euhedral, 
10% devitrified shards, chlorite, and 25% very fine-grained, 
light greenish brown, curved to spherical materials which 
are bordered by the shards. 
The quartz grains range up to 1.5 rnrn. in length. Many 
grains are elongate in shape. Some show resorption inlets, 
and one case shows the quartz delicately intergrown with 
chlorite. Many quartz grains show concave or indented suL-
faces. 
The feldspar grains are euhedral to subhedral. Most of 
the grains average about 0.8 mrn. in length. 
large as 1.2 mm .. 
Some are as 
Resorption inlets in quartz or incomplete crystal 
growth resulting in embayed parts (see figure 1, Plate 8) 
occur in a few grains. The shards consist mostly of quartz 
grains (see figure 2, Plate 8). 
The tuffite beds have also been found in outcrops along 
highway 70 east of Hot Springs, Arkansas. The exact locality 
is 1.2 miles east of Cedar Creek or 7.2 miles east of the 
junction of highway 70 with highway 270. The outcrops extend 
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Figure 1 . Note the rhythmic layering of sandstone (light 
gray) and shale (dark gray) beds . The sandstone beds grade 
upward into shale, but are in sharp contact with underlying 
shale beds indicating rapid deposition possibly from a tur-
bidity current . The black layer which extends from the top 
right to the top left of the picture is unit 92 of Section 
II ( top of sandstone- shale rhythm) . 
Figure2 . The light gray beds in the center of the picture 
are tuffite and directly overlie the sandstone and shale 
beds in figure 1 above . 
Plate 6 . Upper part of Section II showing alternating sand-
stone and shale beds and the overlying tuffite section . 
Figure 1 . Beds of tuffite in the lower part of the tuff 
section of Section II . 
Figure 2 . Close-up view of an outcrop of tuffite. Note 
the numerous, small, white spots which are partly weathered 
grains of feldspar (see Plate 8 for microscopic scale). 
Plate 7. Close-up views of the tuffite in the Chamberlain 
Creek syncline . 
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tor o.: to o.; ~ile along the highway. The beds strike 
N ... 4°! and dip 66° S!. The l!!leCtion measures between 25 to 
30 :r.eter• thlck. 
40 
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Figure 1 . Resorption inlet in a quartz grain . Crossed 
nicols . Note the weathered feldspar grains (speckled white 
and black ). Mag . 60X. 
Figure 2. Shards consisting of finely granular quartz from 
lower part of tuffite beds . Crossed nicols . Mag. 60X . 
Plate 8. Microscopic features in the tuffite. 
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2 Fancy Hill deposits 
The general geology of the Fancy Hill dqx::>sits is 
covered in this se~::-t:i on of the paper. The various deposits 
include the Gap fuuntain deposit, Henderson deposit, 
McKnight depostt <:!nd Eagles Nest deposit. The geology of 
the ore-bear.ihg rocks is disctJssed in detail on pages 172 
to 221., 
a §~Mountain. The Gap Moun t:tl.n deposits follow a general 
trend ot N 7 5° W with thF> north rim of the Mazarn syncli-
noriurn. The beds are overturned at the east end of the 
deposits. 
( 1) St.ratigraphic -~ection.. The following stratigraphic 
section includes the beds which oocur between the Arkansas 
Novaculite and the base of the barite beds described in 
detail on pages 174 to 176. The beds are overturned and 
strike N 75° W and dip 38° NE. 
SECTION IV 
I.ocation: East-ern end of the Gap M:>untain deposits 
in Sec. 19, T 4 S, R 25 W. 




47 Shale, light gray, brown-weathering, 












































SECTION IV (cont. ) 
thin to fissile bedding. 
Siltstone, dark gray, very thin-bedded, 
with white laminations varying up to 
3 mrn·. thick. 
Shale and siltstone, gray, interbedded. 
Beds of silty shale vary up to 20.5 
ern. thick and consist of black and white 
layers. Rock is very fine-grained and 
similar to 20. The shale is up to 60 
ern. thick and is fissile. 
Shale, gray, very thin-bedded, spotted 
with small, black, fairly well sorted 
fragments up to 1 rnrn. in size. 
Similar to 21 with about 45 ern. shale. 
Chert conglomerate as follows, from top 
to bottom: 
a) Shale, greenish gray, with frag-
ments. 
b) CheLL fragments cemented by 
chert, hard, with bed varying 
from 5 to 13 ern. thick. 
c) Similar to b). Bed varies from 
5 to 40 ern. thick. 
d) Shale, with chert fragments. 
Similar to a). 
e) Shale, greenish gray, without 
fragments. 
f) Shale, greenish gray, with chert 
fragments. Fragments average 
0.5 ern. There are 5 to 10 ern. 
lenses up to 60 ern. long which 
are barren of chert fragments. 
Shale, greenish gray. 
Chert conglomerate, hard, with fragments 
quite small and averaging from 1 to 3 
mrn. 
Shale, gray. 
Shale, gray, hard, medium-bedded, and 
spotted with minute fragments in places. 
Shale, purple to gray. 
Shale, silty, hard, medium-bedded, and 
spotted with fragments. 
Shale. 
Chert, gray, hard, containing two beds 
of 10 ern. thickness. 
Shale. 
Siltstone, very fine-grained, cherty or 











SECTION IV (cont.) 
flinty, hard. 
Shale, dark gray, sparsely spotted. 
Snale, gray, fissile. 
Shale, coarsely spotted with fragments 
of chert. 
Shale (covered in places, and possibly 





b Other Fancy Hill depos1Ls (Henderson deposit, McKnight 
d~eosit and Eagles Nest deposit). The Henderson deposits 
lie alon9 the north rim of the Back Valley syncline which 
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is a short westerly extending branch of the Mazarn syncline 
(see figure 2). The beds in the dep<.J sit are overturned. 
In one deposit examined the beds strike N 72° W and dip 
52° NE. 
The Eagles Nest deposit crops out on the south side 
of Back Valley. The McKnight deposit lies along the south 
side of the Sulfur Mountain anticline. The beds dip steeply 
to the south.. The deposit has been shifted to the south 
along a north-south trending fault which occurs at the west 
end of the deposit (see geologic view in perspective of 
McKnight pit, Plate 94). The barite layers terminate on the 
fault. 
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3 Hatfield District deposits 
The four largest barite deposits which occur in the 
Hatfield District in the Middle Arkansas Novaculite were 
examined.. These include the following: a) McClure-Sal-lee 
deposit, b) Mill Creek deposit, c) Two Mile Creek deposit, 
and d) Blowout Mountain deposit. The geographic location 
and general geology of the various deposits follows (see 
also figure 5) • 
The McClure-Sallee deposit is located about 5.5 miles 
due east of the town of Hatfield, Arkansas, in Polk County. 
The McClure-Sallee deposit and the Mill Creek deposit lie 
along a general east - west trend and are less than a mile 
apart. The Mill Creek deposit lies to the west and about 
0.1 mile south of Mill Creek. 
The Two Mile Creek deposit lies about 1.5 miles north 
of the McClure-Sallee and Mill Creek deposits and crops out 
on both sides of Two Mile Creek. The Blowout Mountain 
deposit is located in the center of Sec. 34 and in Sec. 35, 
T 2 S, R 31 W, and 2 miles north of the Two Mile Creek 
deposit. 
The four deposits all lie along a north - south trend. 
All the deposits apparently occur at the same stratigraphic 
horizon. They crop out in places where the folded Middle 
Novaculite has been eroded at the surface. The deposits 
lie along ridges since the Arkansas Novaculite forms ridges 
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1igure 5. Leposits of the Hatfield D:i strict i~cl~d·.:! 
a) j.icClure - Sall ee deposit, b) hill Greek (!cposit, c) 
·.\ ·m Mile Creek d eposit and d ) Blov10ut hot.r.t..ain dc-:ns ~ 
i t . 
1 
Figure 1 . View from the Gap Mountain depo s it looki ng west 
toward Fancy Hill Mountain (center of picture) . 
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Figure 2. View from Buckeye Mountain looking northwestward 
down Sugar Creek Valley . Sugar Creek Valley is an anticli-
nal core and the ridges on the left and right of the picture 
consist of Arkansas Novaculite , which form part of the south 
and north flanks of the anticline, respectively. Th~ Hatfield 
barite district lies about 15 miles in the distance toward 
the northwest down the valley . 
Plate 9. View of Fancy Hill Mountain and Sugar Creek Valley . 
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E Description of individual occurrences 
This portion of the paper includes detailed descriptions 
of the or_e-bearing rocks of the Arkansas barite deposits. 
The deposits include the Chamberlain Creek syncline 
deposit (see figure 2), and the various deposits in the 
Fancy Hill District, Hatfield District, and Dierks District. 
The Chamber lain Creek syncline deposi.t is the largest of 
the known barite deposits in Arkansas. Most of the barite 
produced in Arkansas comes from this deposit. 
The barite-bearing beds in the Chamberlain Creek syn-
cline range up to 20 meters thick with about 15 meters of 
ore in the thickest part of the deposit. The barite beds 
range from 1 to 5 meters above the chert and sandstone beds 
of the Hot Springs Sandstone Member of the Stanley Shale, 
with black shale between the chert and sandstone beds, and 
the barite beds. 
The barite beds in the Fancy Hill District range up 
to 10 meters thick and from 0 to 30 meters above the Arkan-
sas Novaculite - Stanley Shale contact~ The lower barite 
beds of the Gap Mountain deposit are 30 meters above the 
Arkansas Novaculite, and the lower barite beds of the Hen-
derson deposit appear at about 3 meters above the Arkansas 
Novaculite. Only a few centimeters of black shale occurs 
between the Arkansas Novaculite and the barite beds at the 
McKnight deposit. 
The barite beds in the Hatfield District (see figure 
2) range up to 1 meter thick and occur interbedded with 
shale in the Middle Arkansas Novaculite. 
The barite in the Dierks District ranges up to 10 
meters thick with an average thickness of 5 meters and 
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occurs in the Pike Gravel of the Trinity Group. The deposits 
in the Middle Arkansas Novaculite and Trinity Group are of 
much smaller extent than those in the Stanley Shale. 
Stratigraphic sections of the ore-bearing beds are pre-
sented first, followed by a discussion of the major litho-
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Figure 6. Location of stratigraphic sections in the Chamberla.i:-. 
Creek syncline open pit. Section VIII, not sho~~, is· at the nose 
of the syncline. The view shown above is dovm the plunge of t>c. 





1 Chamberlain Creek syncljne 
The barite beds occur at the nose and on the north and 
south flanks of the Chamberlain Creek syncline where under-
ground and open pit mining is carried on. The barite beds 
which lie in the upper part of the syncline are mined in an 
open pit whereas those which are in the deeper parts of the 
syncline are mined by undergroqnd methods. The large open 
pit is owned by the Baro"i:.d Division of the National Lead 
Company. Underground mining is also being carried on cur-
rently by the Baroid Division and also by the Magnet Cove 
Barium Corporation. 
From the stratigraphic sections which have been 
examined in the Chamberlain Creek syncline, seven main ore 
types may be identified. 
They include the following, from the base to the top 
of the section (see Section V, p. 53): (1) dark evenly 
interlayered barite and baritic silt or shale laminae with 
thick (10- 45 em.) calcareous barite lenses in places7 
(2) soft, light gray, dense barite7 (3) wavy, thip (1 -
10 mm.) barite interlayered with laminated (0.1- 1 rnm.) 
green shale1 (4) thin to medium beds (1- 10 ern.) and len-
'! 
ses of dark barite and sil'tstone1 (5) chert breccia (12 -
60 em.) with siltstone, shale, baritic shale and barite 
nodules~ (6) Three me_ters of dark gray generally hard silt-
stone, baritic in places 1 and (7) nodular barite, either in 
one of the other types of within silty shale. Type 4 was 
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found abundantly in the underground workings west of the pit 
west wall on the south flank of the syncline. A good sec-
tion (Section VII, p. 101) of the upper part of the ore body 
located east of the west wall shows all the types except 
type (1). The Section (Section VIII, p. 143) at the nose of 
the syncline, which has undergone considerable leaching by 
ground waters, shows a recurrence of types (3), (6), and 
(7), and silty shale beds. Mr. James Hall, Chief Mining 
Engineer of the Magnet Cove Barium Corporation underground 
mine, states that nodular barite beds are most abundant in 
the upper part of the barite beds and that there are few 
or no nodular beds near the base of the ore beds. 
Several of the ore types are present in thin beds in 
places throughout the section. Transitional ore types are 
present in addition to and within some of the main types. 
There are sharp contacts between several of the main types, 
especially the upper part of the orebody at the south flank 
on the west wall (Section V). In other cases, as near the 
center of the pit (Section VII), zones occur where transi-
tional ore types recur so that a oontact must be drawn 
arbitrarily. Contacts are sharp within ore beds in local 
sections which may range up to 30 centimeters in thick--
ness. Siltstone beds, with and without barite generally 
show abrupt contacts. 
As is well known, the barite bearing beds range up to 
20 or 23 m. thick on the west wall with the ore body measur-
ing 15 m. thick. Within one quarter of a mile to the west, 
the barite bearing beds diminish to a thickness of about 
6 m. with a maximum of 1.2 m. of ore. On the west wall 
(Section V), the heavy barite begins abruptly on a black 
shale section carrying nodules of pyrite (see figure 1, 
Plate 10). The barite diminishes gradually in the upper 
part of the barite section. 
a Stratigraghic barite sections along the south flank of 
the syncline. Four sections along the south flank were 
measured and sampled for hand specimen and thin section 
study. These sections include Section V along the west 
wal.l of the open pit (see figure 6), Section VI, west of 
the west wall, Section VII, near the pit center, and 
Section VIII near the nose of the syncline. The rock sec-
tions and ore types within each section are described 
below. 
(1) Section V near the west wall in the oeen Qit on the 
south flank. Given below is the description of Section V 
as it appears in the outcrops. Refer also to figure 6, 
which shows the location of the stratigraphic sections. 
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The view shown is in the direction looking down the plunge 
of the syncline to the southwest toward the west wall of the 
open pit. 
Figure 1 . Pyrite nodules in black shale below the base of 
the barite section. Same as figure 1, Plate 4 . 
Figure 2 . Outcrop of interbedded barite and baritic silt-
stone from Section V. 
Plate 10. Pyrite nodules in black shale, and interbedded 




Location: Near the west wall in the open pit on the 
south flank of the Chamberlain Creek syncline. 























Barite, dense, in siltstone. 
Baritic chert breccia with shale and siltstone 
fragments. 
Siltstone, hard, with minor barite. 
Similar to 3, but mostly of interbedded barite 
and siltstone beds 5 to 10 em. thick. 
Barite and siltstone, interbedded, with beds 
up to 10 ern. thick, and with wavy, thinly 
laminated barite. 
Barite, light gray, soft, dense, with: 
(a) barite, dark gray, coarsely crystalline, 
with beds 10 em. in thickness, {b) barite, 
calcareous, and in lenses of about 30 em. 
in thickness, and (c) barite-shale laminae, 
dark gray, with wavy laminations and lenses. 
Barite-siltstone, and shale laminae, with 
barite layers 0.5 em. thick~ overlies black 
shale. 
The interlayered siltstone and shale varies through 
unit 1 of stratigraphic section V, but decreases consid-
erably in unit 2 where generally light gray to white barite 
with thi~ shale laminae predominates. This is followed in 
unit 3 by thickening of barite beds which are interbedded 
with s1ltstone beds of similar thicknesses. ~nes of wavy, 
thinly laminated barite and green, silty, shale are present 
here •. This lithologic pattern of thin to medium beds of 
bari ~e and baritic sandstone or si 1 t.stone are continuous to 
Barite type Sp. Gr. Thickness Thickness Barite grain Pyrite grain 
of barite of shale size {av.) size {av.) 
layers in laminae in mm. in mm. 
mm. in mm. 
-
Baritic chert 3.6 Up to 10 Up to 10 • 01- • 0 2 (with .01 in chert 
breccia with shale with barite .07 (tz. grains); .02 in siltsto {in lumps) (in lumps) .28 with .007 1.0 lense 
qtz. grains) 
Barite near 3.82 
siltstone 
Baritic 2.85 .02-.07 .003-.004 
siltstone (lenses and .OJ-.04 larges 
spheres) 
Wavy-bedded 3.7- 1-10 Up to 8 .008 small .01 small 
barite 4.0 5 av. .05-.1 av. .07 large 2 lcr"'"" o .. _ C'-" 
l~O la:rP."est . 6 J ., ,.., ·- ., Q +-
. .-, ·-- -~_;__~~ 
Soft, light 4.01 1-3 Up to .2 .01 av. • 0 2 in s ~E~ j_ o 




Calcareous 3.25 3-6 Hur.1py, .01 av. 
barite lense accumula- clayey, .06 l&rge 
tions of calcite 
grains 
---
Barite and 3.8 3-6 .5 • 02-. OJ srr~all baritic silt-
.05 large 
stone inter-
.1 lnrgest (with 
bedded calci-"-::.) 
-- 'v '-' 
-





Barite type Quartz grain Calcite Structures Remarks ~ossils 
size in mm. in ~~. 
Baritic chert .07 in coar- .25 crys- Nodules, ~odules and silice- Radiolarians 
breccia ser siltstone ~alsaround siltstone ~us shale masses up and micro-
.007 in finer chert and shale ~o 2.5 em. in length~ fossils re-
siltstone lumps vrith .004 qtz (smallest) placed by har-
lem. chert frag. crude lay. :lith .07 qtz grains. ite and pyrite. 
Barite near J mm. bar- Crude layering 
siltstone i te nodules. 
Baritic .02-.0J Calcite and/ Barite Barite nodules min-
siltst·one pr pyrite nodules ~te t·o 1 em., av. 
~n inte~rs ~-3 mm. 
lof barite 
tn~RRBS -
Wavy-bedded Micro- Wavy bedding, with 
barite crossbedding thin-bedded to medi-
Soft, light .05 clus- ·aavy crests 
gray, dense ters with on shale 
um-hedd~"'d. sj ltst()n0. __ 
barite barite. 
Calcareous .06 to .16 
barite lense spheres. 
1.?-.8 r-rains 
Barite and .15 Stylolites, R:1ythmic layering 
baritic silt· sedimentarJ of calcite, bar-
stone, inter- slumps, ite, and shale. 
bepded lens8s 





unit 4 where siltstone predominates. This is followed 
abruptly by the breccia bed. Above the breccia bed silt-
stone predominates but contains in places dense baritic silt-
stone. The section above grades into a thick section of 
black shale. In the course of the field work geologist Don 
E. Williams stated that a six meter lens of sandstone occurs 
in the barite section. The sandstone lens is undoubtedly 
represented here by the silty upper portion of the section. 
Hand specimen and microscopic descriptions of rocks 
from these various ore zones in the ore body are given below 
(see also Tables 1 and 2). 
{a) Interbedded barite and baritic siltstone with 
thick calcareous barite lenses. Megascopically, 
this ore type consists essentially of evenly inter-
bedded barite or baritic siltstone with thin shale 
partings and appears in places to constitute a rhyth-
mite. Figure 2, Plate 10 illustrates the layering as 
it appears in the outcrop. 
Rhythmic bedding, sedimentary slumpage structures 
and large calcareous barite lenses occur in this 
barite type and are described below. 
Rhythmite. The rhythmic type of bedding persists 
throughout the lower part of the section, with the 
baritic layers generally thicker than the thin 
dense shale layers. The barite layers average 
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about 5 mm. or so in thickness. The shale and 
barite layers undergo differential weathering on 
exposure at the surface. The shale, being less 
resistant to weathering, forms the grooves, where-
as the barite forms the ridges. 
Examination of a hand specimen of the rhyth-
mite shows the barite layers becoming calcareous 
toward the top of each layer. The top of each 
barite layer usually consists predominantly of 
calcite which in turn is overlain abruptly by 
the succeeding baritic shale and barite layer. 
Plate 11 is a photograph of a thin section {No. 
42) which illustrates this feature. 
Microscopic examination of this section 
(No. 42) shows the baritic layers to vary from 
3 to 6 -nun., and the shale layers to be approxi; 
. 
•' 
m~.~ely 0.5 mm. thick. Thin veinlets of ca:lcite 
occur in places. The upper portions of some clay 
layers contain radiating masses (0.05 nun. in dia-
meter) of barite. These small barite masses are 
surr~~nded by parts of the uppermost shale layers. 
- ~· . 
There are but a few pyrite crystals scattered 
alonq the lower parts of .. the shale layers. 
The barite layers consist essentially of fine-
grained crystalline barite and calcite. Along the 
lower parts of the layers are s~t,tered idiomorphic 
barite c~stals (0.05 mm. l~g) within a matrix of 
. '-" 
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Plate 11. Rhythmic layering consisting of layers of barite 
(medium gray), calcareous barite (light gray), and shale 
(dark gray) from Section V, Chamberlain Creek syncline . 
Mag. 3X. 
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finer grained (0.02 to 0.03 rnm.) barite. Near 
about the center of the layer, there begins a 
rapid accumulation of calcite with the calcite 
occupying the space between the barite crystals~ 
Barite crystals range up to 0.1 rnm. in places. 
The calcite crystals range up to 0.15 mrn. These 
upper calcareous layers are in sharp contoct with 
the succeeding clay layers. The nature of these 
textures would tend to indicate that the barite 
originated first and the calcite second. 
Some of the calcareous barite layers have 
minor sub-rhythmitic bands within them with thin 
local accumulations of calcite in their upper 
parts below thin bands of shale. The particular 
specimen examined gave a specific gravity reading 
of 3.8. 
A specimen from the north flank of the syn-
cline at about the same stratigraphic horizon 
showed the thin clay partings of a similar type 
of rhythmite to become stylolitic in places (see 
p. 159). 
Sedimentary slumR structures. Sedimentary slump 
structures up to two meters in thiCkness occur in 
the rhythmically bedded barite as is well illus-
trated in Plate 12 and figure 7. The view iS a 
cross-section of the bedding and in a direction 
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up the south flank of the syncline. 
Lenses. Where lenses ranging up to 30 centimeters 
in thickness occur in the section, the rhythmite 
layers curve around the sides of the lenses, with 
a notable lack of observable bedding or layering 
within the lens. Contacts between the lens and 
surrounding rhythmite are generally sharp. Mega-
scopic examination of a thin section from lens 
material shows the fabric to consist of a very ir-
regular type of layering, in which globular accumu-
lations of barite are separated by short discontin-
uous and wavy layers of shale. Plate 14 illustrates 
the fabric in a photograph of a thin section. 
Examination under the microscope (thin section 
No. 45) showed the lens material to be irregularly 
or discontinuously layered, with layers consisting 
of humpy clayey calcite. Clayey layers consist of 
small (0.06 to 0.16 mm.) concentric calcite 
spheres. Some of the larger spheres have four 
concentric shells of similar thickness. Minute 
pyrite grains ranging up to 0.01 mm. also occur 
in the humpy layers. The remainder of the speci-
men between the clayey calcite layers consists of 
accumulations of crystalline barite grains sur-
IOunded by larger grains of calcite as shown in 
figure 2, Plate 14. A few scattered calcite 
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Plate 12. Slump structure in the barite beds from Section 
V, Chamberlain Creek syncline . See also figure 7 for a gen-






_-/ ----- ___.--'" 




~~ ~ ~~~~ -~~~ 
-·---- ~Y/ --- ------




--------· ---- -~- ·~----------- --------------------- _ _'{ .. --.--
--·-" -·- ----- ·--==::::::::====:::-:::::=== 
"-·- -----" .::::-" -------
Bottom 
---------------------~" _____ r'''" 
Figure 7. . Generalized illustration of the sedimen-
tary slump structure in Plate 12. The material con-
sists of layered barite and silty shale layers of 
about 6 mm. thickness. 
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Figure 1. Recumbent folds formed in subaqueous slu~p­
mass consisting of alternating layers of barite and shale . 
Note that the recumbent folds occur at about the sam~ 
stratigraphic horizon as fold s occurring in the slump 
structure shown in Pl ate 12 o Compare also with figure 2 
belowo The location is on the south flank of the Chamber-
lain Creek syncline near the west wall and in the lower 
part o£ the barite section. 
11 meter 
Figure 2 ~· . Slump structure and recumbent folds described in 
£igure ~ -, o above. 
Plate 13. Slump structure and recumbent folds in tl.'e 
barite beds from the Chamberlain Creek syncline . 
Figure 1. Thin section showing the irregular fabric in a 
portion of a calcareous barite lens . The layers form the 
bedding in the lens . Mag . 3X. 
Figure 2 . Enlargement of a portion of figure 1 above. 
Striated grains are large calcite crystals7 the small 
shiny grains are barite7 the radial and concentric struct-
ures are probably calcite. Mag . lOOX . 
Plate 14 . Layered fabric and microscopic texture of a cal-
careous barite lens from the Chamberlain Creek syncline . 
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spheres are also present. 
The barite grains average 0.01 mm. but range 
up to 0.06 mrn. in length with scattered minute 
calcite inclusions. The much lar.ger calcite grains 
(average 0.2 mm. in diameter but range up to 0.8 
rnrn.) occur between the barite and have extremely 
irregular boundaries, especially where in contact 
with the barite (see figure 8). This rock has a 
specific gravity of 3.25. 
(b) Soft, light gray, dense barite. _In the outcrop 
this ore type is generally thinly bedded. The rock 
on the weathered surface is medium to light gray. 
One sample gave a specific gravity reading of 4. 01_. 
Examination in the hand-specimen shows the rock to 
consist predominantly of barite and thin laminae of 
clay. 
Microscopic examination (thin sectio_n No. 46) 
revealed layers 1.0 to 3.0 rnrn. thick of finely granu-
lar quartz and barite (grains average 0.01 mrn. and 
range up to 0. ~, nn:n. ) with the longer axes of the 
grains or~ented at a low angle to the shale laminae 
and parallel to the axial pl~nes of the ~nor folds 
.in the shale laminae. Coar~ barite (0.05 to 0.1 
mm. ) occurs near the central P?t;~~s ot the barite 
_layers. Calcite, which is sparsely distributed, 
. occurs more ,ab,undantly with the coa~ser barite in 
20 
r-;:-t 
Figure 8. Irregular calcite boundaries in 
lense of calcareous barite. Barite lens mea-
sures about JO em. in thickness and comes from 
the rhythmite section qt the southwest end o£ 
the Chamberlain Creek syncline, Section v. 
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clusters ranging up to 0.05 mm. in size. Calcite 
also occurs as minute inclusions in some of the barite 
grains. 
The shale layers are very thin, but some measure 
up to 0.2 mm. in thickness. There are shaly zones up 
to 1.0 mm. in thickness, containing thin laminae (0.01 
to 0.1 mm. thick) bending around barite lenses (lenses 
up to 0.2 mm. long). Barite within the lenses is 
finely granular (0.01 to 0.03 rnm.) but some show radi-
al patterns. Minor pyrite averaging 0.02 mm. occurs 
along shaly zones. 
The thin shale laminae also show effects of lat-
eral stress since the laminae have slight wave or 
saw-like appearance with their ·rtdnute crests offset 
slightly to one side. 
Contacts with igneous dikes. Igneous dikes cross-
cut beds of soft, dense barite. Beds are often 
offset along the dikes (see figure 1, Plate 86). 
~croscopic examination (thin section No. 
54) shows the contact to be sharp. The contact 
separates bedded, gran1.1lar, white barite from 
greenish igneous rock. The barite is essentially 
finely granular with grains averaging 14 microns 
in diameter, and contains a few very thin shale 
or clay laminae {th~Ckness 17 microns), and thick, 
.widely spac~ shale laminae (thickness 0.5 mm.) • 
. • 
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The dike rock consists mainly of altered nepheline 
phenocrysts (average 0.13 rnrn. but ranging up to 
0.6 rnrn.) and aegerine pyroxene needl~s (average 
0.25 rnrn. long) in a finely crystalline to glassy 
brown colored groundmass. Along the contact, the 
dike rock consists of a glassy zone 1 rnrn. thick 
with scattered nepheline phenocrysts. 
More details on these contact relationships 
are given on page 297, where the igneous dikes 
and dikelets and relationships to the barite beds 
are discussed. 
(c) Wavy, thin barite interlayered with laminated 
green shale. Megascopic examination shows this ore 
type to consist of thin, wavy barite interlayered 
with laminated green shale. The barite layers 
range from 1 to 10 mrn. in thickness, averaging about 
5 rnm. (see Plate 15). The shale occurs as very thin 
discontinuous laminae between the barite layers. 
The material generally has a specific gravity ranging 
from 3.7 to 4. 
In the outcrop this interlayering of barite and 
shale may occur in thicknesses up to 1 m. or so. 
Rock sections of greate~ thickness usually include 
siltstone beds from 6 to 10 em. thick. Where these 
beds occur, they are often interlayered with barite 
beds of similar thiCkness. The barite beds will range 
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Plate 15. Hand specimen of wavy bedded barite. 
from wavy thin barite and shale to granular barite 
nearly devoid of shale laminae. 
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This wavy barite-shale ore type occurs over a 
thickness of 5 m. or so, and lies in the section just 
below the breccia bed. The wavy barite-shale ore 
also occurs in the underlying section (1.e., the 
soft, l1ght gray, dense barite, p. 67). 
Microscopically (thin section No. 44 and 47), 
the thickest indiv1dual shale la.m1nae var:y tram less 
than 0. OS nun. t.o over • 8 mm. in thickness, D.1t most 
measure between 0.05 rnrn. and 0.1 rnrn. in thickness. 
The thickest laminae show mic~o-crossbedding. Lay-
ers of gray barite nearly devoid of shale measure 
from l to 3 mrn. in thickness. There are sub-zones 
o£ baritic shale which are up to several rnrn. thick 
and wlnch consist of numerous interlayered shale 
laminae, and lenses and laminae of barite. Granular 
barite with grains about 8 microns in diameter occurs 
within the main barite layers and baritic shale zones. 
Areas occur within the barite layers with coarser 
crystalline non-rad1al barite and with grains averag-
ing 0.07 mrn. These areas are bounded by thin, faint 
nargins. In some cases calcite of t"hA same size is 
intermixed with the barite. 
Larger grains ranging up to 1.0 mm. also occur. 
These grains show the basal and prismatic cleavage 
characteristic of barite. Some of the grains are 
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partly broken into smaller aggregates which often show 
undulating extinction due to remaant stress. Veinlets 
and patches of calcite are abundantly distributed in 
places around the coarse barite and broken aggregates. 
Minor amounts of quartz occur in places. 
Pyrite grains averaging 0.01 mm. occur scattered 
in the shale layers. A few much larger pyrite grains 
occur scattered in places and average 0.2 mm. with 
the largest measuring 0.6 mm. 
The broken aggregates, undulating extinction, 
and veinlets of calcite are evidence for movement 
which may have taken place during compaction or even 
later, during deformation. The large grains of barite 
occurring with abundant calcite indicates that there 
may be a relationship between barite growth in the 
presence of caoo 3 • Such a relationship definitely 
exists between barite and pyrite, since tabular barite 
crystals are often seen to occur oriented along the 
sides of cubic pyrite crystals (see figure 9, and 
Plate 16). As is shown in the figures, the long axes 
of the barite crystals usually occur oriented parallel 
to the bedding. In most cases growth of barite on 
pyrite occurs on the cube faces perpendicular, or 
steeply inclined to the bedding, but these cases of 
growth across the bedding are rare. 
In one case, a crosscutting feature (veinlet of 
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Figure ~9. Fiber quartz and 
sides of pyrite grains. (a) 
47 and {b) from thin section 
with Plate_ ~6. 
barite crystals along 
from thin section No. 
No. 49. Compare (b) 
74 
Plate 16 . Barite and fiber quartz at the side of a pyrite 
grain. Compare al.o with figure 9 . Mag. 460X. 
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therefore, postdates the growths. These growths may 
have taken place early in diagenesis at shallow 
depths where the stress due to the weight of over-
lying sediments is greater than the stress in the 
lateral or horizontal directions parallel to the 
bedding. At depths of several thousand feet, the 
pressure is hydrostatic and, therefore, stress becomes 
equal in all directions. The growths may have also 
taken place in the partly consolidated state during 
lateral adjustments in the sediment. 
(d) Baritic siltston~_. Siltstone beds measuring 
from 6 to 10 em. thick occur interbedded with the 
wavy, laminated baritic shale (described on page 70), 
and with other barite beds of similar thickness which 
show a lack of distinct bedding. The siltstone beds 
become thicker higher in the section above the breccia 
bed. 
In the outcrop the siltstone beds show sharp con-
tacts with the barite beds. The siltstone is quite 
hard. Barite nodules occur in places and are oriented 
parallel to the bedding. 
The nodules range from minute spheres up to l ern. 
in size. The average size in the hand specimen is 
about 2 or 3 mm. in diameter. Similar sizes and 
shapes occur in the same layer. Shapes and sizes will 
vary from layer to layer, but the changes in shape and 
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size of the nodules is always transitional from layer 
to layer. The larger nodules occur in wider layers 
than the smaller nodules. Nodules measuring in the 
2 mm. range may occur in a section 1 ern. wide. Nod-
ules measuring about 0.25 rnrn. occur in a section of 
about 3 rnrn. wide. 
A thin section (thin section No. 49) showing 
the contact between one of the layers of baritic 
siltstone of specific gravity 2.85 and an overlying 
barite bed of specific gravity of 3.82 was examined 
under the microscope (see figure 10 and 11). The 
barite siltstone consists of alternating thick light 
layers arrl thinner dark layers, wi.th the light layers 
ranging up to 1 mrn. in thickness and the darker layers 
about half as thick (see figue 10). Both layers con-
tain angular detrital quartz grains, mica, and angular 
plagioclase feldspar fragments, barite, and dissemi-
nated calcite and pyrite grains. Calcite is more 
abundant in the light layers. The barite occurs 
generally as lenticular to spherical masses and range 
between 0.02 and 0.07 mrn. in'diarneter. Most of the 
masses consist of granular barite, and only a few of 
the largest masses consist of nodules of radiating 
barite. Most of the barite masses and nodules have 
fine-grained interiors. Many show calcite intermixed 
with barite in the int~riors. The smaller masses occur 
in the dark layers associated with the fine-grained 
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pyrite (pyrite grains range from 3 to 4 microns in 
diameter}. The larger barite masses occur between 
the dark and light layers or within both layers near 
their contact. The case varies from layer to layer 
and laterally along a given layer. The inner parts 
of the lighter layers consist of the small 3 to 4 
micron pyrite grains and larger pyrite grains of 30 
to 40 microns. The quartz grains average about 20 
to 30 microns in diameter. Within the darker layers, 
the small pyrite grains may be so closely spaced 
locally along a very thin discontinuous clay or shaly 
horizon so as to form a lens of pyrite. Such a layer 
will often curve gently above or below barite masses 
which occur at the same horizon. Pyrite grains often 
occur in or with the barite and may occupy the central 
parts of the granular masses or may form a concentric 
layer at some distance from the center of the mass, or 
may be randomly distributed. 
Figure 10 illustrates the layering within the 
baritic siltstone. 
The contact between the baritic siltstone and 
overlying barite begins at the top of the uppermost 
light silty layer of the baritic siltstone. A thin 
layer of fine-grained pyrite occurs at the top of the 
light, baritic siltstone layer in places. 
Above this is a thick layer of dense fine-grained 
barite which ranges up to 2 mm. in thickness (see 
1 mm. 
Figure 10. Rhythmic layering of baritic siltstone • 
. 
--.. ...... .... 
baritic 
siltstone 
Figure ll. Barite nodules resting on layer of granular 
barite. The baritic siltstone below the contact is 
shown in figure 10. 
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figure 11). The lower surface of this layer is 
nearly flat while the upper surface is very uneven. 
This layer is thinnest where radiating barite nodules 
occur just above the contact of the underlying baritic 
siltstone (see figure 11). The nature of the upper 
surface of this barite layer shows that the presence 
of barite nodules close to the contact affect the 
thickness of the granular barite layer. This thin-
ning in places beneath the barite nodules may perhaps 
be due to sedimentary or diagenetic settling and com-
paction of hard nodular barite onto a soft mud or 
jell-like layer of colloidal barite. These relation-
Ships suggest that the fabric is due to gravity, and 
the features produced may, therefore, be considered 
to be geopetal features. 
Nodules are abundantly distributed throughout 
the upper barite bed and range up to 3.5 mrn. in dia-
meter. Most nodules consist of barite radiating en-
tirely through the nodules, with some disseminated 
carbonate, pyrite and detrital quartz grains. One 
nodule, measuring 3 rnrn. in diameter, consists of about 
50% detrital quartz, and 50% barite without showing 
any sign of radiating structure. 
Throughout the upper barite bed, layering is dis-
continuous and only locally present. Besides the 
barite nodules, other material in this bed consists 
of locally accumulated, discontinuous layered masses 
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of fine-grained barite similar to the layer present 
at the contact. Also, lenses and discontinuous lay-
ered masses of detrital quartz with minor barite 
occur in places. In general, flat, horizontal layer-
ing does not prevail as in the underlying siltstone. 
Layering is crudely developed, as either thin local 
discontinuous generally inclined curved planes, or 
on a large scale as a crude layering of a particular 
type of material, such as barite nodules, siltstone 
or fine-grained barite. The crude development of the 
layered fabric together with the high abundance of 
barite relative to the underlying siltstone, would 
tend to indicate a change ~n normal detr~tal sedi-
mentation conditions as existed while the underlying 
siltstone bed was being deposited. The barite may 
have been precipitated very rapidly in contrast to 
the normal sedimentation of detrital fragments. In 
the description of the breccia bed (see below), which 
occurs higher in the stratigraphic section, it is 
observed that the same fabric prevails, with large 
"floating 11 , i.e., disconnected, fragments of novacu-
lite. In other areas where the novaculite breccia 
bed is present outside of the barite horizons as at 
Gap Mountain, it is observed that the fabric consists 
of closely spaced novaculite and other detrital frag-
mt§hts. 
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(e) Chert breccia with_ siltstone, siliceous shale, 
barite, and barite nodules. A breccia bed consisting 
of angular to subangular fragments of chert together 
with siliceous barite and shale occurs in the upper 
part of the dense barite ore section. The bed ranges 
from 12 to 60 em. in thickness with an average thick-
ness of about 0.5 m. and occurs in the section on 
both flanks of the syncline. The breccia bed is 
directly underlain by 10 to 15 em. of hard, fine-
grained, banded siltstone. The siltstone has a 
specific gravity of 3.28 and contains visible pyrite 
with some barite. The breccia bed is overlain by a 
nodular baritic siltstone. Both contacts are well 
defined. 
Hand specimen examination shows the breccia to 
consist of chert fragments~ shale, siliceous barite, 
barite nodules, dolomite and chalcedony. The chert 
fragments average about 1 em. in diameter. Nodular 
siliceous barite and shale masses range up to 2.5 em. 
in length. The material is crudely layered. Within 
parts of the breccia bed there are thin layers of 
well-bedded silty shale. There are also layers con-
sisting of smaller chert fragments which average 2 mm. 
in diameter. Pyrite occurs disseminated within the 
bed and as thin lenses of fine-grained pyrite. These 
lenses range up to 1 mm. in thickness in places. The 
breccia has a specific gravity of 3.6. 
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Fi.gure 1, Plate 17 is a photograph of a thin sec-
tion of the breccia. Figure 2, Plate 17 shows the 
outline of the various components. The areas marked 
with ~h, cht, i and g''consist of chert fragments and 
are given different symbols for reference in the dis-
cussion that follows. The stippled areas consist of 
quartz and barite. Crystalline barite wedges which 
project inward from the outer surfaces of barite 
nodules, and also the fine-grained pyritic, siliceous 
barite lumps are illustrated by short., radiating lines. 
The radiating barite wedges occur in all of the barite 
nodules and also along the margins of most of the 
lumps of pyrit:.ic siliceous barite. Microscopic exam-
ination shows the quart:.z and barite in the inner 
parts of the barite nodules and lumps (i.e., (d,h) 
and (a,b) respectively) to become progressively finer 
grained in texture and more concentrated in quartz 
toward their centers. 
The barite wedges are believed to result by re-
crystallization in an originally homogeneous mass of 
disseminated bar~te and silica. 
Areas (c) and (e) consist of bar1te and quartz. 
The chert fragments (cht i, g) consist of mic-
rogranular quartz with particles averaging about 2.5 
microns in diameter. The chert fragments are coated 
in places with rhombohedrally zoned dolomite crystals. 
Some of these crystals are as large as 0.25 mm. 
Compare with 
a 
Figure 2. Chert breccia with barite. Compare with 
figure 1 and see text. Mag. 4.5X. 
Plate 17. Photograph o£ a thin section of the baritic 
chert breccia (Unit 6, Section V). 
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Embedded in the chert matrix are rectangular, 
oblong, rhombohedral and elliptical to spherical 
forms, many of which are finely pitted. Their re-
fractive index is greater than the quartz. The 
largest of these particles is about 10 microns in 
diameter. Short thin rods are also embedded in the 
chert. Microspheres of granular pyrite are also 
present and average about 10 microns in diameter. 
The individual pyrite grains are much smaller. 
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The chert fragment labeled (i) contains layers 
of pyrite microspheres. The layers range up to 50 
microns in thickness. Spherical outlines of radio-
larians occur in places and range up to 0.14 rnrn. in 
diameter. Large rhombohedral grains of calcite are 
sparsely disseminated throughout the chert, and 
average about 0.12 mm. in diameter. 
The siliceous areas (dotted areas in the center 
of the photograph) consist of detrital quartz, barite, 
muscovite, zircon (?), pyrite and minor calcite. The 
fabric under low power objective (SX) appears as angu-
lar grains of quartz embedded in fine-grained cement. 
Under the high power objective (43X) the fabric con-
sists of blebby, irregular, interconnected areas of 
quartz (detrital grains and cement) with barite inter-
spersed between the quartz. Many of the quartz areas 
are partly euhedral in outline. Most of the quartz 
areas are linked by appendages with neighboring quartz 
areas (overgrowths). Throughout the fabric, barite 
occurs surrounded by quartz. The fabric is illus-
trated below in figure 12. 
86 
Barite stands out in relief and is less abundant 
than quartz. The largest quartz areas (detrital frag-
ments) are about 70 microns in diameter, and the 
smallest quartz areas are about 3.5 microns. and smal-
ler in diameter. Octahedral grains of pyrite and 
microspheres of granular pyrite occur disseminated 
throughout the dotted areas. The largest oc~ahedral 
pyrite crystals are 20 microns in diameter. The 
barite is pitted in places. 
The smaller quartz crystals which are enclosed 
in barite are usually entirely euhedral. The larger 
quartz areas are only partially bounded by crystal 
planes. The larger quartz crystals have oriented 
inclusions, some of which are rounded by crystal 
faces. In many cases, the quartz crystals are parts 
of large quartz areas as shown in figure 13. 
The texture patterns of the quartz-barite matrix 
Shows incomplete development of crystal planes in 
quartz and suggest intimate intergrowth between and 
perhaps contemporaneous formation of quartz and barite 
in the course of crystallization. The fabric of the 
cement is believed to result from crystallization from 
a homogeneous mixture (?} of barite and quartz, in 
which sepa+ation of the constituents into coarser 
D Quartz 
Wl Barite 
I--+ 10 p 
Figure 12. Texture of quartz and barite in the 
siliceous {dotted) areas shown in figure 2 , 
Plate 17. 
10 ;£'- ~z 
Figure lJ. Small quartz crystals occurring in 
places on larger quartz areas. 
87 
grains during diagenesis was not entirely achieved. 
The overgrowths of the detrital quartz grains are 
intergrown with the cement. 
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In area (c), the texture is similar to the over-
lying dotted area, except that the quartz areas are 
smaller (average 7.5 microns). The entire area con-
sists of quartz-barite cement and detrital fragments 
are absent. The central parts of (c) have large 
areas (up to 0.28 mm.) of barite which have parallel 
extinction. Within these areas are small quartz 
grains (3 to 5 microns). In most cases the quartz 
grains are euhedral where they are surrounded by 
barite. In areas where the quartz is abundant, as 
near the bottom of (c), the fabric is blebby (simi-
lar to the dotted areas in figure 2, Plate 17, but 
here also, many euhedral quartz grains occur. The 
quartz grains are most abundant in the upper and 
lower parts of (c). In the upper right part of (c) 
there are large areas of barite (?) which are about 
0.2 mm. in length. There are also abundant minute 
inclusions or pits which are circular in shape and 
which may contain a2s, because there is an odor on 
breaking. 
A highly dense packing of blebby quartz grains 
also occurs in the central part of the nodule labeled 
(d). 
Areas (e) and (f) are similar to (c) but have 
( ' \ LJ 
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fewer quartz grains and more barite. Pyrite is also 
more abundant in {f), as is also apparent by its 
darker shade on the photograph. The area (f) also 
includes radiolarians of which parts have been re-
placed by pyrite and barite. Figure 1, Plate 18 
shows several of these. 
Figure 2, Plate 18 shows a radiolarian test from 
area (b). 
Section VI west of the west wall in the open pit. 
(a) Stratigraphic seetion. The following section 
(Section VI) occurs on the south flank of the Cham-
berlain Creek Syncline about 100 meters west of the 
west wall (in the old linear open pit) and illustrates 
rhythmic layering very well in the outcrop. Plate 19 
is a cross section of the barite beds. 
The stratigraphic section from top to bottom is 
given below. It includes part of the exposed beds of 
the Arkansas Novaculite, and all of the exposed beds 
of the Hot Springs Sandstone and barite beds of the 
Stanley Shale, and is about 25.5 meters tnick. About 
6.5 meters of the section consists of barite beds. 
The entire barite section consists of interbedded 
layers of barite and laminated shale layers. The 
thicker barite layers contain barite lenses as will 
be illustrated later. 
Figure 1. 
(black). Fossils replaced by barite (white) and pyrite Mag. l60X. 
~igure 2 . Radiolarian test replaced by barite . Mag . 160X. 
>late 18. Microfossils replaced by barite and pyrite from 
tnit 6, Section V of the Chamberlain Creek syncline. 
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Plate 19 . Barite section (Section VI) west of the west 
wall (the flanks of the syncline were mined out by shallow 
pits during earlier mining) of the Chamberlain Creek syn-




Location: South flank of the Chamberlain Creek syncline 
about 100 meters west of the west wall of the open pit (in 
the old linear open pit). 













































































Barite, similar to 58. 
Shale, black, with barite nodules 2 rnrn. in 
diameter. 
Barite-shale laminae, with barite lamina-
ted 1.5 rnrn. to 1.3 em. thick. 
Shale, black. 
Barite. 
Shale, silty, black. 
Barite-shale laminae, with barite lamina-
tions up to 6 to 13 rnrn. in places. 
Barite, similar to 51. 
Shale, black, with thin lenses of barite. 
Barite-shale laminae, with barite lamina-
tions up to 3 mm. thick, with black 
shale, laminated. 
Shale, black. 
Barite-shale laminae, with barite, thinly 
laminated, similar to 47 in lower part, 
but becoming thicker in upper part. 
Three laminations of black shale about 
1.5 mm. thick in upper part. 
Shale, grayish green. 
Barite-shale laminae, very thin layers. 
Shale, black. 
Similar to 40. 
Similar to· 40. 
Similar to 39. 
Shale, gray. 
Similar to 39. 
Barite layer, similar to 39 laterally. 

































































SECTION VI {cont.} 
Barite-shale laminae, with layers from 1 
··0 2 mm. t.hick. 
Barite, nodular, in layer. Nodules ave-
rage 1 to 2 mm. in diameter. 
Shale, blacK. 
Similar to 34. 
Similar to 34, with barite lenses ranging 
from 2.5 to 7.5 em. in upper part. 
Barite layers of l em. thickness, with 
dark, thin, shaly layers spaced 3 mm. 
apart. 
Barite lens, becoming a layer. 
Similar to 31, with mostly bar1 t e } ayers 
1 em. thick in upper 30 em. At. _)Q ern. 
up is 1.5 em. shale layer. 
Barite layers ranging from 6 to 13 mn,. 
thick. 
Barite lens. 
Similar to 27, with barite lay~rs Leco:r-
ing 2.5 em. thicK in places. 
Barite lens. 
Barite-shale laMinae, with barite layecs 
from 1 to 2 mm. thick. 
Barite-shale laminae, with barite layers 
from 1 to 6 mm. thick. 
Barite-shale laminae, w1th barite layers 
of 1 mm. thickness, which form a thin 
bed 2 em. thicK in places. 
Shale, silty, gray, w1th barite nodules. 
Shale, silty, gray. 
Shale, gray, layers 1 mm. thicK, with 
some barite. 
Barite lenses, layered up to 4 ern. thick. 
Barite layers 1 mm. thick. 
Barite-shale laminae, with barite layers 
3 mm. to 1.3 em. thicK, with long len-
ses 2.5 em. thicK in places. 
Similar to 17 with 1.3 em. barite layers 
in places. 
Barite-shale laminae, with barite layers 
of 1 mm. thickness. 
Shale, blacK, and gray, silty, clay. 
Shale, silty. 
Chert (novaculite ?), black, laminations 
1.3 em. thick, interlayered with gray 
shale. 
Chert, black, in black shale. 
Chert. 
94 
SECTION VI (cont.) 












Hot Springs Sandstone Member 
13 Quartzite. 
15 Chert. 
38 Chert and quartzite beds. 
40 Quartzite, thick-bedded. 
25 Chert, two beds 12 em. thick. 
7 5 Shale, purple. 
83 Quartzite. 
60 Chert (novaculite ? ) I purple, interbedded 
in places with beds of shale 2.5 to 10 
em. thick. 
83 Quartzite, thick-bedded, with beds ranging 
up to 90 em. thick. 
25 Shale. 
Arkansas Novaculite 
10 Novaculite, porous, with quartzite beds. 
(Base) 
Two types of rhythm1c layering have been observed 
in the barite beds in the Stanley Shale. One type 
consists of alternating barite and shale layers in 
which the barite layers are of similar thickness. The 
shale layers also are of similar thickness, but thin-
ner than the barite layers. This type of rhythm may 
result from a constant or fluctuating rate of sedi-
mentary barite deposition with seasonal influxes of 
clastic clay, since the upper parts of barite layers 
are in sharp contact with the shale, whereas the 
lower part of the barite layer grades into shale. The 
sharp upper barite contact is due to loading from 
rapidly deposited clay. See Plates 11, 14, 28, 30, 
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34, and 38 which show these features. 
Section VI displays a second type of rhythmic 
layering which is superimposed on the first. This 
consists of groups of layers with each layer in the 
group becoming progressively thicker upward. This 
second type of rhythmic layering is discussed below. 
(b) Rhythmite - megascopic. Plate 20 shows barite 
layers from the upper part of Section VI. A peculiar 
feature in this part of the section are groups of 
layers in which the layers of barite become thicker 
from the bottom to the top of the group or rhythm. 
This rhythmic layering is well exposed over a thick-
ness of about three meters. Figure 1, Plate 20 
illustrates the layering from four rhythms. The 
thick barite layer at the right of the picture (also 
top) is overlain by about 5 ern. of black shale (this 
shale is unit 46 in the above described section (Sec-
tion VI). Figure 2, Plate 20 illustrates the layering 
in diagrammatic form which is shown in figure 1, Plate 
20. 
The barite layers shown above increase steadily 
in thickness from 1 cm •. to 4 ern. on the average. In 
the lower part of the rhythm, the shale layers are 
about 1 rnm. in thickness in contrast to the greater 
thicknesses in the upper parts of the rhythm. The 
upper thick barite layers may be visibly seen to 
Figure l • Barite layers. Note that the layers 
thicken £rom le£t to right or from bottom to topo 
See also £1g:ure 2 0 
1 cmo 6 mmo 








I ' 71~ ~ tJ 46 (see strat., \ section) I 
~ .f ~ \nn 
7. 5 cmo o£ About 9 4 layers n a 
approx. 2 0 5 cmo layers: £rom )mm. !1. 
barite layers 3 mmo to thick to 
2o5 em. 5 cmo thick 
~ ""' ' )or ~ Unit; 47- 60 
7 o5 cmo of layers 
2o5 Cmo thick. 
Figure. 2 .. Thicknesses of the barite layers which are 
shown 'in £igure ~ . · 0 
Pl a te 20. Rhythmic layering of barite and shale l ayers 
from Section VI, Chamberlain Creek syncline 
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bulge out or to be in contact with a local bulging 
lens. 
The beds shown in Plate 21 l1e immediately to 
the right of the barite beds shown in figure 1, Plate 
20. These beds are units 47-60 in the above describ-
ed section (Section VI}. Here also are four rhythms. 
These four or more rhythms are overlain by a 4 
em. layer of black shale (unit 59, and white strip 
of paper at extreme right of picture, Plate 21}. 
The white strips of paper separate the thickest shale 
layers. These thick shale layers occur at the top of 
the uppermost thick barite layers of a rhythm. The 
tops of the thick barite layers consist of thin, wavy, 
barite and black shale lenses and layers (see f1gure 
1, Plate 22), and the black shale becomes more abun-· 
dant slightly higher up in the layer. The black shale 
rapidly thickens and forms a layer of about 6 mm. 
thick-. The upper·part of each shale layer in con-
trast to 'the bottom is usually in sharp contact with 
the next succeeding overlying barite layer. Plate 
22 shows close up views of the layering. 
This type of rhythmic layering may originate 1n 
a manner similar to that described on page 94 or 
may result from a constant rate of clay deposition 
and a fluctuating rate of barite deposition. In the 
second case, each lull in barite deposition results 
:C 
in an eventual shale layer. The thick, nearly pure 
Plate 21 . Barite beds in units 47 to 60 inclusive from 
stratigraphic Section VI . 
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Figure 1. 
Plate 21 . 
strip from 
close-up . 
Closer view of the barite layering shown in 
The pen lies in the same place as the 5th white 
the left in Plate 21. See also figure 2 for 
Figure 2 . Close-up view of the barite layering shown in 
figure 1 . 
Plate 22 . Bedding in stratigraphic Section VI . 
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Plate 23 . Barite lens. Note that the thin barite layers 
at the top {right) lap onto the lens . Section VI, Cham-
berlain Creek syncline. 
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barite layers in the upper part of each rhythm cor-
responds to a rapid rate of barite precipitation. 
Local thick barite accumulations along these horizons 
often result in thick barite lenses. Plate 23 illus-
trates the top and bottom relations of overlying and 
underlying barite beds relative to the central barite 
lens (top is to the right of the picture). This par-
ticular lens is located in the lower part of the ex-
posed barite section where a cyclic relationship in 
the bar~t~ beds similar to those occurring in higher 
beds is not clearly distinct. In reference to figure 
1, Plate 20, which shows clearly-the rhythmic nature 
of the layering higher in the section, one may also 
see the one end of a lens in the lower left part of 
the _picture. 
( 3) Section VII (-Section in the middle of the open pit) -
megascopic and microscopic. A 13 m. section located near 
the center of the open pit was examined. The section (Sec-
tion VII) includes most of the upper silty portion of the 
ore body and is given below. 
SECTION VII 
Location: Near open pit center, Chamberlain Creek syn-
cline. 
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SECTION VII ( ex>nt.) 
t«:>. and 
lithology* m. em. mm. 
22 (c)* 1 
21 
20 (c) 1 
19 (c) 1 































Similar to 17, with lenses and nodu-
les of barite in black shale beds 
60 em. thick, and interbedded with 
qray shale 5 to 10 em. thick~ py-
ritic in upper part. 
Shale, black. 
Baritic shale, silty, with barite 
lenses (up to 1. 5 em.) and thin, 
nQdular, barite beds~ very similar 
in places to base of 1. 
Similar to 17, with baritic shale, 
and green shale beds with barite 
lenses, layers, and nodules. 
Similar to 16, with mostly siltstone 
containing abundant, bedded, nodu-
les of barite up to 1 em., and with 
thin, streaky barite-shale laminae 
near top. 
Similar to 16, but with more shale~ 
barite nodules up to 1.5 em.~ 
upper part more shaly with round 
and flattened nodules and lenses 
of barite. 
Baritic siltstone and shale, with 
nodules of barite. 
Similar to upper part of 1, but more 
shaly~ 5 em. zone of barite nod-
ules 3 to 6 mm. in diameter at 5 
em. up from base., and near top. 
Shale, green. 
Siltstone with pyrite. 
Shale, green. 
Siltstone. 
Shale, black, with some pyrite. 
Chert breccia, heavy, with fragments 
of baritic shale and barite nodu-
les, and siltstone. 
Siltstone with barite (?). 
Similar to (4), but with much less 
barite. 
*A similar lithology is smwn with the same letter (i.e., 






















Siltstone with shale in lower half. 
Similar to 4, but much more silty. 
Similar to upper part of 1, but 
more silty~ barite interlayered 
with 1 to 1.5 rnrn. barite nodules 
and green shale. 
Siltstone. 
Shale, green. 
Barite-shale laminae, white, dense, 
with shale streaks~ upper part 
with gray, nodular, and less 
dense, fine-grained barite, with 
pyrite~ lower part with light 
gray to white, dense, barite, 
with thin to fissile green shale 
partings. 
Section VII above consists essentially of three distinct 
parts. They include, from the base of the section to the 
top, the following lithologic types: a) baritic shale, 
b) siltstone, c) black shale with barite nodules and lenses 
and with zones similar to (a). There is a transitional zone 
between (b) and (c), which is essentially silty shale or 
shaly siltstone with barite (labeled (d)). Barite is most 
prevalent as nodules. These lithologic types (a-d) are 
identified in Section VII by these letters. The breccia 
bed (unit 9) which is distinct and abrupt in lithology with 
the overlying and underlying siltstone contains abundant 
barite. 
Photographs of hand specimen size are shown from various 
parts of Section VII (Plates 25, 26, 27, 28, 29, 30, 31, 32). 
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Figures 18 to 20 inclusive and Table 3 show histograms and 
microscopic data on the clastics, barite, pyrite, and cal-
cite in Section VII. 
(a) Baritic shale (unit 1). 
Unit l. In the hand specimen, the lower part of 
unit l (see stratigraphic Section VII) consists 
of dense, light and dark gray barite-shale laminae 
with layers of green shale up to l mm. thick. The 
white barite layers are up to several mm. thick 
with included layers, lenses, and spotted areas 
of gray barite. Shale layers are irregular and 
wavy. Minute pyrite cubes are visible in places. 
Thin section 4-l is a section of a typical 
lithology from the lower part of unit l. The 
microscopic study of thin section No. 4-l reveals 
the light gray baritic layers to consist of very 
fine-grained barite and quartz and small scattered 
patches of fine-grained calcite. Faint circular 
to lenticular (up to 0.1 mm.) areas of granular 
barite are visible in places and become well out-
lined in the more shaly portions where the lenses 
are bounded by thin layers of shale. Some of the 
pressure lenses show faint radiating structure. 
Very small (0.005 to 0.01 mm.) pyrite grains are 
scattered along shale layers. Large pyrite cubes 
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up to 0.03 rnm. are scattered throughout barite 
along clay layers and concentrated in places around 
granular barite lenses. Thin stylolite seams, with 
crests somewhat offset from normal, occur in places. 
Under high power (43X) the barite-shale lami-
nae in thin section No. 4-1 show the following: 
1) about 5% quartz embedded in a granular barite 
matrix. The quartz grains occur individually or 
are linked with neighboring grains. A few grains 
form crystals. Most of the quartz grains are not 
bounded by crystal planes, but have irregular sur-
faces. The grains are often sparsely clustered in 
circular (spherical) or elliptical pattern within 
which carbonate often occurs in patches. The car-
bonate is finely granular, but goes to extinction 
all together under crossed nicols. The quartz 
grains average about 5 to 7 microns in diameter, 
and occur within the barite grains or between 
barite grains. Some of the quartz grains range 
up to 10 or 15 microns in diameter. In some places, 
where quartz becomes more abundant (i.e., between 
5 to 10% quartz), the interlinking of quartz be-
comes more noticeable and an irregular blebby pat-
tern arises. Within such a fabric it is difficult 
to determine if detrital quartz is present, and if 
so, what part of the quartz actually constitutes 
detrital quartz. It is believed that part of the 
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quartz is not detrital. Part apparently is detri-
tal since micaceous fragments are very sparsely 
disseminated throughout the thick barite layers. 
Such micas are probably detrital and may have 
been accompanied by detrital quartz during depo-
sition since all the clastics in the section are 
sub-graywackes or impure sandstones in composi-
tion. The interlinking or blebby fabric of the 
quartz occurring intimately with the barite sug-
gests that both were deposited together. 
2) The barite grains average about 20 to 25 microns 
in diameter and have a simple la to lb type of 
locking (see figure 14). Most of the surfaces of 
the barite grains have minute circular pits, and 
may consist of inclusions of H2s. 
3) The lenses which occur in the shale layers often 
consist of radiating barite with some quartz grains 
which follow a concentric pattern within the lens 
or sphere. The central part of the lens often 
consists of a cube of pyrite (often much larger 
than neighboring pyrite) or of granular calcite. 
The carbonate occurs more abundantly in the shale 
layers than in the main barite layers. 
4) The shale layers consist of a mat of micaceous 
sheets~ the micas average about 5 microns in 
length. 





A GEOMETRIC CLASSIFICATION OF 
BASIC INTERGROWTH PATTERNS OF MINERALS 
A connotation-free set of purely descriptive patterns, 1) for studies 
of rocks and mineral deposits, particularly for the present revision 
of genetic theories, 2) for ore dressing microscopy, metallography, 
and other fields of applied petrology, mineralogy, and metallurgy. 
Between most of these nine coll"'non locking types there are naturally 
gradational transitions with regard to both pattern and size. Particle 
or grain size data are a pre-requisite of any accurate study of rocks 
and mineral deposits and enhance the value of this chart. 
oo 
Type la Simple intergrowth or locking type; 
rectilinear or gently curved bounda-
ries. Most common type, many examples. 
Type lb Mottled, spotty, or amoeba-type locking 
or intergrowth. Simple, common pattern; 
many examp 1 es. 
Type lc Graphic, myrmekitic, or ''eutecticn 
type Common; examples: chalcopyrite 
and stannite; quartz and feldspars; etc. 
Type ld Disseminated, emulsion-like, drop-like, 
buckshot or peppered type. Common; 
examples: chalcopyrite in sphalerite 
or stannite; sericite, etc. in feld-
spars; tetrahedrite in galena; etc. 
Type 2a Coated, mantled, enveloped, corona-, 
rim-, ring-, shell-, or atoll-like. 
Common; examples: chalcocite or covel-
lite around pyrite, sphalerite, galena; 
etc.; kelyphite rim, and other rims. 
Type 2b Concentric-spherulitic, or multiple 
she 11- type. Fa i r 1 y common ; ex. : 
uranite with galena, chalcopyrite, 
bornite; cerussite-limonite; M.n- and 
Fe-oxides; etc. 
Type 3a Vein-like, stringer-like, or sandwich-
type. Corrrnon; ex.: molybdenite-pyrite; 
s i 1 i cates; carbonates; phosphates; etc. 
Type 3b Lamellae- layered, or polysynt~etic 
type. Less corrrnon; examples: 
pYrrhotite-pent 1 and i te; ch Iori te-e I ays; 
etc. 
Type 3c Network, boxwork, or Wi dmans tatter-type. 
Less corrrnon; ex.: hematite-ilmenite-
magnetite; bornite or cubanite in 
chalcopyrite; millerite-linneite; 
metals; etc. 









the light gray barite layers to become thicker (up 
to l em.) and more densely baritic with thin cal-
cite veinlets traversing the layers in places. 
Under the microscope (thin section No. 4-la), this 
light gray barite consists of barite grains aver-
aging l5-20"microns in diameter. Grains as large 
as 0.1 mm. occur. Pyrite cubes up to 0.1 mm. are 
sparsely distributed. The shale layers, averaging 
0.05 to 0.1 mm. thick, are generally 3 mm. apart, 
and show a wavy-like form in places (wave crests 
point toward top). Very thin, intermediate clay 
layers show stylolitic development. 
abundant within the clay layers. 
Calcite is 
The quartz occurs in three ways: a) clusters 
of individual grains, b) large areas of inter-
linking quartz grains forming a blebby pattern 
with quartz and barite surrounding each other in 
many places~ individual grains are also present, 
and c) idiomorphic quartz shapes consisting of 
quartz and barite and embedded in granular barite 
groundmass which forms the surrounding area. 
The barite occurs as granular barite associ-
ated with each of the above quartz occurences and 
in the following manner: a) as spheres of radi-
ating barite with spheres averaging about 0.15 mm. 
in diameter, b) as moss-shaped forms about 0.3 
mm. long, and c) as large grains of about 0.3 mm. 
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long, and which are peculiarly associated with 
larger quartz crystals and larger blebs of quartz 
than those associated with the smaller grains of 
barite. 
In another specimen, the upper part of unit 
l consists of mostly silty green shale with abun-
dant pyrite layers. The pyrite is disseminated 
in these layers. Barite occurs with pyrite in 
barite-pyrite nodules up to 5 mm. in diameter. 
The nodules form layers with nodules of similar 
sizes in the same layer. Barite in some cases 
surrounds pyrite (see Plate 25) in both barite 
nodules and in disseminated pyrite layers. The 
largest nodules lie directly above barren shale 
layers. Thin section 4-lc is a section of a typi-
cal lithology of the upper part of unit l. Micro-
scopically, (thin section No. 4-lc) the barite 
nodules become gradually smaller (0.1 mm.) toward 
the top with barite at the top consisting of very 
small grains sparsely distributed in shale. In 
barite layers consisting of radiating barite 
(sometimes made up of very closely spaced barite 
nodules), the pyrite occurs in the central zone 
of the layer. Pyrite occurs generally in either 
the central part of the nodules or in a concentric 
arrangement intermediate between a barite center 
and barite periphery. Pyrite occurs mostly as 
~igure 1 . Organic structures replaced by pyrite and 
barite. See figure 2 for enlargement . Mag . lOOX. 
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Figure 2 . Organic structure shown in figure 1 . These 
structures occur in the large barite nodule near the middle 
of the lower nodular layer in Plate 25 . Mag . 2SOX . 
Plate 24 . Organic structures replaced by barite and pyrite . 
--
Plate 25 . Barite and pyrite nodules from t he upper part of unit 1, Section VII , 
Chamberlain Creek syncline . Pyrite is black , and barite is white with some 





cubes of 0.025 mm. to 0.03 mm., but much larger 
cubes measuring l mm. occur in places. As will be 
discussed later, this pyrite-barite relationship 
appears to be a good example of a detail which 
suggests concurrent barite-pyrite deposition. 
The shale or clayey matrix consists of the 
following: a) abundant mica or clay slivers up 
to 14 microns in length, b) quartz grains (detri-
tal) of about 15 to 20 microns in diameter, and 
c) quartz and barite in an irregular linking or 
sometimes amoeba-type pattern between the barite 
and quartz, and d) zircon (?), and pyrite. Pyrite 
in the groundmass is predominantly spherical in 
shape (about 10 microns in diameter) consisting 
of granular aggregates of pyrite grains, whereas 
the pyrite in the barite nodules and lenses is 
more often idiomorphic and cubic in shape. These 
idiomorphic pyrite grains often consist of aggre-
gates of pyrite grains. 
Much of the pyrite in the barite nodules and 
layers is the result of replacement of radiolari-
ans (see Plate 24). Pyrite grains in the barite 
nodules and layers are about 5 times as large as 
in the shale matrix. 
Radiolarians are abundant in barite nodules 
and are replaced by pyrite and barite. Radiolari-
ans within nodules are still spherical in shape, 
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whereas those in shale are flattened (lenticular) 
probably owing to compaction. Radiolarians in 
the shale matrix are also replaced. Radiolarians 
within the shaly groundmass consist of barite with 
abundant quartz (idiomorphic) and pyrite. Wherever 
pyrite is in abundance as disseminations in layers 
or concentric zones in barite layers and nodules, 
it is accompanied by quartz. 
Barite occurs in 4 ways: a) in barite nodules, 
usually with pyrite, b) in layers, with dissemi-
nated pyrite in central parts, c) in replaced 
radiolarians within the shaly matrix, the barite 
consists of radial structure, and d) part of the 
cement in the matrix which is intimately associated 
with quartz, micas, and clay. 
Quartz always occurs associated with the barite 
and pyrite. It occurs as individual grains of 
various sizes. In replaced radiolarians in barite 
nodules, quartz is almost always nearly absent (in 
contrast, abundant quartz in recrystallized and re-
placed radiolarians within the shaly groundmass). 
Barite rays of a nodule sweep completely across 
radiolarians (i.e., these radiolarians do not form 
radiating nodules of their own in a barite nodule). 
In many cases, quartz grains are idiomorphic in 
barite nodules. Some barite nodules show very well 
developed radial structure, without quartz grains. 
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A blebby accumulation of quartz usually occurs on 
the margins of a radial barite nodule between the 
nodule and the argillaceous matrix outside the 
nodule. Quartz is usually more abundant, and as 
larger grains when located within barite nodules 
where there are abundant, large grains of pyrite. 
Pyrite often shows quartz and barite growths along 
their grain surfaces (see also figure 9). This is 
most often prevalent on the surfaces of the larger, 
idiomorphic grains. Barite is usually more abun-
dantly developed, as compared to quartz. 
Geopetal features of barite nodules are shown 
in figure 15. 
(b) Siltstone with barite nodules (units 3 to 15). 
Units 3 to 15. With the exception of the breccia 
bed (unit 9), and the three shale beds, all the 
units between unit 3 and unit 15 inclusive are 
similar in lithology and consist of siltstone and 
baritic siltstone. 
Unit~ Unit 3 consists of a hard, fine-grained 
siltstone. Microscopic examination shows the rock 
to consist of 80 to 90% detrital grains of quartz 
and feldspar (10% plagioclase and orthoclase feld-
spar), 3 to 5% clays and micas, 10% pyrite, 3 to 
(a) 
(b) 
( c ) c~ 
c:JD ·~pyrite 
Figure 15, Barite nodules from thin section 
4--J. c. ~·tac;. 6 .f.... The nodules shown in 
(a) and \b) have nearly flat lower surfaces. 
The upper club-shaped nodule in {c) has sag-
ged into the top of the large lower nodule. 
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5% calcite and finely granular quartz and minor 
scattered occurrences of zircon and chlorite. The 
detrital quartz and feldspar fragments are sub-
angular in shape and average 0.1 mm. in diameter. 
The pyrite grains occur as large, sparsely scat-
tered grains consisting of cubes and spherical 
aggregates. Most average 0.07 mm. in diameter, 
and a few range up to 0.25 mm. in diameter. The 
small grains average about 10 microns in diameter 
and consist mostly of cubes and pyritohedrons (?). 
The small pyrite grains occur as a coating on the 
detrital quartz and feldspar grains. Many of the 
detrital quartz and feldspar grains are partially 
altered. The distribution of the finely granular 
pyrite shows the former external boundaries of the 
detrital grains. In some cases the mineral replac-
ing the detrital quartz and feldspar grains appears 
to consist of a micaceous mineral, probably seri-
cite. One other mineral is also present, and 
occurs as very fine grains. 
Thin, widely spaced layers of fine-grained 
clay occurs in places in the siltstone. 
Unit 4. Microscopic examination shows this rock 
to consist of an interlayering of shale and baritic 
silty shale. The shale consists of an argillaceous 
matrix with lenses and layers of minute pyrite 
crystals averaging 7 microns in diameter. The 
pyrite lenses are from l to 1.5 rnrn. in length. 
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The baritic silty shale consists of 8% pyrite, 
30% detrital quartz, and feldspar fragments, 40% 
clay, 15% calcite and 10% barite. The barite 
occurs in small radiating nodules about 0.5 rnrn. 
in diameter, or in spherical or layered zones con-
sisting of radiating barite wedges and quartz. 
The quartz in these areas occurs as crystals which 
are partly euhedral in outline and which often 
show dissolution effects along the euhedral faces. 
The detrital grains average 0.03 rnrn. in diameter. 
Unit_2. Unit 5 is essentially similar to the 
baritic silty shale layers of unit 4, but with 
more abundant calcite {30 to 50%) and less quartz 
grains in the matrix. The barite nodules with 
associated quartz are also similar to those occur-
ring in unit 4. 
Unit 6. Unit 6 consists of a hard, fine-grained 
siltstone. The detrital quartz grains average 0.06 
rnrn. in diameter. The rock has a specific gravity 
of 2.9. 
Unit 7. Unit 7 consists of silty shale. Plate 26 
shows fragments of disrupted, granular, quartzitic, 
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Plate 26 . Disrupted barite layers in unit 7 . Mag . 3X. 
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barite layers. The texture appears to be the re-
sult of movement of material while still in a 
partially consolidated state. The quartzitic, 
barite layers were harder and more consolidated 
than the surrounding clay layers. When movement 
took place, the barite layers broke loose and were 
carried along in the still plastic clay. Similar 
sedimentary features have been described by SANDER 
(1951). 
Unit 8 to 14. Unit 8 is similar to unit 6 and the 
rock is finely banded with closely spaced siliceous 
layers. The siliceous layers range up to 0.8 mm. 
thick and are spaced from 1.5 mm. to 4 mm. apart. 
The siliceous layers consist of finely granular 
quartz and pyrite. Pyrite in the layers is coarser 
than in the intermediate argillaceous siltstone 
layers. Pyrite grains in the siliceous layers 
average 0.1 mm. in diameter. Most of the pyrite 
crystals have octahedral (?) faces developed on 
cubes. 
Unit 9 consists of baritic chert breccia and 
is similar in lithology to the breccia bed describ-
ed in the section near the west wall of the pit 
(Section V, p. 82). The barite nodules range up 
to 2 em. in diameter. Chert fragments range up 
to 1 em. in diameter and contain calcite in places 
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along the outer margins. Radiolarians are present 
in barite nodules and chert fragments. 
Units 10 to 14 inclusive are interbedded shale 
and siltstone. Pyrite occurs in places. 
Unit 15. In the central part of unit 15 the rock 
is heavy, thickly layered with nodules of barite 
as large as 1 ern. in diameter. Plate 27 shows 
the rock as photographed from a thin section. The 
rock consists of four main types of materials. 
They include the following (see figure 16): 
1) barite nodules with radiating, crystalline 
barite wedges and in a few cases with barite wedges 
randomly distributed labeled (n), 2) nodules or 
fragments consisting of finely granular quartz and 
barite, labeled (g), 3) chert with calcite and 
detrital quartz grains labeled (s), and 4) silt-
stone, labeled (ss), which grades upward into an 
argillaceous rock labeled (c). 
The barite nodules labeled (n) include sparsely 
disseminated quartz, replaced radiolarians and py-
rite. Quartz also occurs in places as irregular 
streaks parallel to, and between barite wedges. 
In nodules 1 and 2 (n1 and n 2 respectively) the 
lower parts are cloudy and include fine-grained 
pyrite. In the granular barite and quartz nodules 
the barite often occurs as elongate stalk-like 
Pl ate 27 . Photograph of thin sedtion (4-15-2a) from unit 
15. Compare with figure 16, and see text . Mag . S . SX . 
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--·---·-· ··-- --1 
·" /' 
__..-.. . ...r ,. 
_,.·· 
Figure •.16. Var.ious lithologic unit.a siwwn in Pl~tt! 
27. ( see·_.-text~. · :~Mag. S. sx. 
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forms of about 0.1 rnrn. long. Much of the barite 
is fine-grained. 
The grain size of the quartz in the chert 
layer (s) range from larger than 5 microns to 0.2 
microns to submicroscopic sizes. Calcite occurs 
abundantly as spherical and patchy forms averag-
ing 0.2 rnrn. They are visible in the photograph 
(Plate 27) as dark gray spots. Detrital quartz 
grains are present and average 0.04 rnrn. The 
light gray layers in the overlying siltstone are 
also composed partly of chert. Chert is also 
present in the very fine-grained argillaceous 
matter above. 
Examination of thin sections from other parts 
of unit 15 show the material to include layers up 
to 4 rnrn. in thickness with abundant calcite. 
Among geopetal features Mhich have been ob-
served, granular nodules are often flatter on 
bottoms than on tops. Purer barite usually occurs 
in the upper parts of radi~ting barite nodules with 
cloudy, often pyritic portions at the bottoms or 
lower parts of the nodules. Nodu·les ·sometimes have 
protuberances. The bedding in such cases below the 
nodule is sharply bent or disturbed in contrast to 
much more conformable layering above the nodule 
around such protuberances. Figure 17 illu~trates 
this layering. 
--· (a) (b) 
(c) 
(d) 
Figure 17. Relationships between barite nodules 
and bedding.· Mag. 2X ... ' _,,' · -;e:_.·;./ 
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(c) Silt~hale and shaly siltstone (transitional 
between (b) and (d). 
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Units 16 to 18. These units are transitional in 
lithology between the more silty units below and 
the more shaly units above. Units 16 and 18 are 
relatively hard, shaly baritic siltstone. Unit 
17 consists of softer, silty, baritic shale. 
Unit 16. Parts of unit 16 are predominantly silt-
stone. Other parts are more shaly. In the silty 
parts, the barite occurs mostly as spherical 
nodules which range up to 1 ern. in diameter. 
Microscopic examination shows the nodules to con-
sist of wedgelike bundles of barite, most of which 
radiate outward toward the periphery of the nodule. 
About 5% of the nodule consists of angular, detri-
tal quartz grains which average 0.05 rnrn. in dia-
meter. Minor amounts of mica slivers, pyrite, 
and calcite patches occur in places. 
The barite in the more shaly parts of unit 16 
consist of layers, lenses and elliptical nodules 
of granular barite and quartz. The layers range 
up to several centimeters in length and 2 or 3 
mm. in thickness. The lenses and nodules are 
smaller and range up to 5 rnrn. in length. Pyrite 
also occurs in layers and lenses. The densest 
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pyrite layers range up to 0.4 rnm. in thickness and 
consist of grains averaging 7 microns in diameter. 
Within the silty shale, pyrite often occurs as 
microspheres consisting of fine pyrite grains. 
The spheres average 0.1 mm. in diameter. The 
spheres are sometimes partly circled by finely 
granular pyrite which occurs a short distance from 
the outer periphery of the central pyrite sphere. 
Calcite occurs in subspherical patches ave-
raging about 0.18 mrn. in diameter. 
Within the layers and lenses of granular 
barite are small spheres consisting of barite 
which range up to 0.1 mm. in diameter. In some 
cases pyrite occupies part of the sphere along 
with barite. These spheres are very similar in 
size, shape, and mineralogy to the replaced radio-
larians as found in the breccia bed and other lay-
ers of the deposit (p. 90 and p. 110). 
The layers and lenses of barite consist of 
fine-grained quartz and barite very similar in 
occurrence to the granular layers and lenses in 
unit 15 (p. 120). 
Unit 17. Unit 17 consists of a silty, baritic 
shale similar in lithology to the upper part of 
the barite section (units 19 to 22). Figure 1, 
Plate 28 illustrates the texture in the hand 
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Figure 1. Hand specimen from unit 17. 
Figure 2 . Fabric consisting of barite and shale layers 
which occur in the lower part of figure 1. Note the rhythmic 
layering of the barite (white), and the numerous sags in the 
barite layers where overlain by barite nodules and lenses, 
and that barite layers grade downward into shale . Mag. 3X. 
Plate 28 . Features in the barite layering from unit 17, 
Section VII. 
128 
specimen. The layers and lenses in the lower two-
thirds of the specimen consist of granular barite 
and quartz. Microscopic examination shows these 
grains to average 6 microns in diameter. The thin, 
light gray barite layers in the lower part of the 
specimen are shown in figure 2, Plate 28 which is 
a photograph of a thin section from the specimen. 
Most of the barite is granular with the exception 
of the small spherical barite nodules. 
The light gray barite nodules in the upper 
part of the specimen (figure 1, Plate 28) are 
shown enlarged in figure 1, Plate 29. The light 
gray layers around the nodules consist partly of 
barite. A pyritic layer often occurs in the cen-
tral part of the layers. Such a layer is shown 
in the upper left part of the photograph. The 
baritic layers often sag between barite nodules 
as can be observed in two places in the lower 
half of the photograph. 
Figure 2, Plate 29, is another photograph of 
a thin section and shows flattening on the lower 
sides of the two barite nodules in the upper left 
part of the picture. The two nodules consist of 
finely granular barite and quartz. This figure 
also shows the layered nature of barite nodules. 
Flowage and nodule breakage and cementation 
of the broken nodules has taken place in the 
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Figure 1 . Thin section from the large barite nodules shown 
in the upper part of figure 1, Plate 28 . Mag. 3X. 
Figure 2. Barite nodules from unit 17. Note that some of 
the nodules were broken and then cemented. Mag. 3X. 
Plate 29 . Features in the barite beds in unit 17, Section 
VII , Chamberlain Creek syncline. 
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lower part of the specimen (figure 2, Plate 29). 
The barite cement is white. In the white elongate 
area just below the flat bottomed nodule in the 
left half of the photograph, examination under the 
microscope with crossed nicols shows that the 
barite wedges do not line up with the wedges in 
the two broken halves. This suggests that the 
nodule had already possessed a radial crystalline 
structure prior to breakage. The broken or 
crushed material between the two halves later re-
crystallized into barite wedges but with a dif-
ferent orientation than the wedges already exist-
ing in the broken halves. In the other cases 
where white cement is shown, the barite crystal 
wedges in these are related to the darker wedges. 
Recalling now that the two flat bottomed nodules 
in the upper part of the picture consist of granu-
lar barite, it is possible that the barite at one 
time in the lower broken nodules were also granu-
lar at the time of movement, and that subsequent 
to the movement, the entire material (crushed and 
uncrushed granular barite) recrystallized to form 
continuous barite wedges between the dark and 
light areas. 
Unit .18. Unit 18 consists of a hard siltstone with 
baritic layers, lenses and nodules. The occurrence 
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of barite is very similar to unit 16. Nodules 
are shown in Plate 72. A broken nodule occurs in 
the center of the photograph. Breakage probably 
occurred during compaction. Micro-crossbedding 
is visible in the lower part of the photograph. 
(d) Black shale with barite nodules. 
Units 19 to 22. Unit 19 consists of greenish-
gray silty shale with barite nodules and lenses. 
The nodules of radiating barite range up to 1 em. 
in diameter. The lenses range up to 5 mm. thick 
and several centimeters long. 
Unit 20 consists of silty shale with lenses, 
layers, and nodules of granular barite. The upper 
part of figure 1, Plate 30 shows drag folds be-
tween overlying and underlying layers of undis-
turbed bedding. The structure is probably the 
result of movement of material while still in the 
unconsolidated state. The light gray lenticular 
layers and lenses consist of granular barite and 
quartz. The coarser grains of quartz occur around 
the periphery of the lenses. In the upper central 
part of the photograph is a thick layer consisting 
of two light gray outer layers and an inner dark 
layer. The light outer layers consist mainly of 
calcite with enclosed barite crystals and detrital 
132 
Figure 1. Slip bedding in upper half of photograph. Thin 
barite layers and shale layers form the folds. Mag. 3X. 
Figure 2. Barite lenses and nodules from unit 20. Mag. 3X. 
Plate 30. Features in the barite beds in unit 20, Section 
VII, Chamberlain Creek syncline. 
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grains of quartz. The central dark part consists 
of detrital quartz grains and abundant cubes of 
pyrite embedded in a matrix of calcite. The in-
tricately drag folded layers above this thick 
layer are believed to be the result of movement 
of material while still in a plastic or uncon-
solidated state. 
Microscopic examination of other parts of 
unit 20 show abundant lenses (up to 1 em. long) 
of granular barite with quartz embedded in argilla-
ceous material. Replaced radiolarians are abundant 
in the lenses and average 0.08 mm. to 0.1 mm. in 
diameter. 
Thin, (1.5 mm.) layers of silty shale have 
radial nodules of barite (see figure 2, Plate 30). 
The barite nodules range up to 0.5 mm. in dia-
meter. Some nodules of barite have spherical, 
granular interiors (averaging 0.1 mm. in diameter) 
which may consist of radiolarians. 
Unit 22 in the lower part consists of abundant 
lenses and nodules of chert embedded in soft, black 
shale. The lenses average 1 to 2 em. in length. 
The nodules average 1 em. in diameter. The lenses 
are often arranged in an en-echelon pattern. This 
arrangement has also been observed with barite 
lenses in the upper part of the barite beds in the 
nose of the syncline (south flank) and in the lower 
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beds at the northwest end of the pit (north flank). 
Plate 31 shows the lenticular nature of the chert. 
The lenticular barite in the Fancy Hill district 
is very similar in occurrence. 
Microscopic examination shows relatively 
large cubes of pyrite occurring sparsely distri-
buted in the outer parts of the chert lenses and 
nodules. Within the lenses, the pyrite cubes 
average 0.3 mm. in diameter. Microspheres of 
granular pyrite occur abundantly in the argilla-
ceo us rna trix. The spheres average 10 microns in 
diameter. Within the chert lenses are also small, 
spherical forms of about 0.07 mm. consisting in 
part of extremely fine particles of pyrite. These 
spherical forms may consist of replaced radiolar-
ians. Rectangular barite crystals up to 40 microns 
in length occur in the chert lenses. 
The upper part of unit 22 consists of chert 
lenses with barite crystals and with pyrite in 
shale (see figure 1, Plate 32). One such lens 
(figure 2, Plate 32) shows clearly the relation-
ship between pyrite contained within the lens and 
pyrite occurring in the bedding. 
The pyrite within the lens (figure 2, Plate 
32) consists of three types and sizes. They are 
as follows: 1) minute grains lined up in rod 
like extensions which range up to 40 microns in 
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Plate 31 . Chert lenses and nodules in unit 22, Section VII, 
Chamberlain Creek syncline. Note the en-echelon pattern of 
the lenses. 
1 36 
Figure 1. Thin section f r om unit 22. The nodule 
in the upper right of the picture has barite (white) 
in the interior and is surrnunded by chert (grayish 
white). The chert lens with pyrite in the lower left 
of the picture is also shown in figure 2. Y~g . 5X • 
.;, pyrite 
.. 
Figure 2 . Chert lens with pyrite . See figure 1. 
Mag . l OX . 
Plate )2 . Chert lenses in pyritic shale in unit 22 , 
Section VII, Chamberlain Creek syncline . 
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length and which are oriented in many directions, 
2) microspheres of 18 microns in diameter, and 
3) large, scattered cubes of 80 microns in dia-
meter. Type (1) forms the bulk of the pyrite 
ring within the lens. 
The pyrite in the bedding consists of micro-
spheres 20 microns in diameter, and of large cubes. 
Large microspheres also occur (80 microns in dia-
meter) and suggest replacement of radiolarians. 
Throughout the argillaceous matrix are abun-
dant microspheres of silica which average 50 
microns in diameter. 
Nodules also occur consisting of large barite 
wedges in the interiors and surrounded by chert 
(see Plate 32). 
Within the argillaceous matrix, pyrite occurs 
abundantly as layered disseminations. A series of 
layers of disseminated pyrite may range up to 9 
rnrn. thick. The actual layers of pyrite are much 
thinner and consist of discontinuous lenses. 
Figures 18-20 and Table 3 show microscopic 
data from the units in Section VII. Figure 18 
shows in many cases in adjacent beds that the 
quartz grain size is larger in the thicker bed. 
Over the entire section there is not a consistent 
relationship between bed thicknesses and grain 















































































































of shaly materials in thick, silty shale beds 
(units 5, 19, 20, Section VII) so that the bed 
thickness no longer should show a relationship 
to the sizes of the relatively few quartz grains 
present. 
Graded bedding from sandstone to shale is 
clearly shown in figure 18 in the graph of 100% 
sandstone to 100% shale. The first graded se-
quence involves units 1 and 2~ the second of 
units 3 to 5~ the third of units 6 to 10~ the 
forth of units 11 to 12~ the fifth of units 13 
to 14. Most of the remainder of the section con-
sists of silty shale and does not clearly show 
sandstone grading to shale. 
Figure 19 and 20 which are relationships of 
barite, pyrite, and calcite clearly show that a 
high barite content occurs with low pyrite, and 
that low barite occurs together in the same bed 
with a higher pyrite content. This relationship 
exists in the Meggen and Ramrnelsberg deposits in 
Germany and probably exists in many other layered 
barite deposits. In Meggen, Germany, the inner 
part of the bedded deposit consists of pyrite and 
sulfides of zinc and lead, while the outer or 
periphery of the deposit consists of barite. At 
Rammelsberg, in the Neues Lager, both barite and 
pyrite occur together. The pyrite is more abundant 
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at the base of the deposit, and becomes steadily 
less in content higher in the section. Barite in 
the lower beds is low but steadily increases higher 
in the section. This relationship may be due to 
whether the available sulfur remains as sulfide 
or becomes oxidized to sulfate. 
Calcite also shows greater abundances where 
the content of barite is lower (figure 20). 
Table 3 shows the rather wide range in sizes 
of barite nodules. In most cases they are less 
than 1 ern. in diameter. 
The barite grains range in most cases from 
20 to 40 microns in diameter with the largest 
(40 microns) grains occurring often as rectangular 
grains in silty shale beds. The barite grains in 
the barite layers of barite-shale laminae are 
about half as large and are similar in size to 
those found in this type of barite. 
Table 3. Barite grain sizes, and sizes of barite nodules 
in the stratigraphic units of Section VII. 
Size of barite Grain size of 
Rock Unit --------~n~o~d~u~l~e~.s .~<~rnrn~~·~)----~--~b~a~r=i~t~e~~<~rn=i~c~r~o~n_s~) 
22 










40 (in matrix) 
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Table 3 (cont.) 
Size of barite 
Rock Unit nodules (mm.) --~~~ ---~--------~~~~~ ~~-
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barite spheres in 











30 (few scattered 
barite crystals) 
327 barite stalks 
and coarse 





(4) Section VIII (Stratigraphic section at the nose of the 
Chamberlain Creek syncline. 
(a) Stratigraphic section. A 19.8 meter section was 
measured along the south flank at the nose (east end) 
Plate 33 . Nose of the Chamberlain Creek syncline . See also Plate 90 for geo-





of the Chamberlain Creek syncline (see Plate 33). 
The section rests on chert beds. The lower 3 meters 
of the section (Section VIII) consists of interbedded 
barren black shale and siltstone. Most of the re-
mainder of the section contains barite. Several of 
the barite beds are coated with yellow iron sulfate 
minerals, indicating that pyrite has undergone chemi-
cal weathering. The section follows. 
SECTION VIII 
Location: Chamberlain Creek syncline nose, south 




























Claystone, silty, red, rather dense at 
base. 
Similar to 53. 
Claystone, silty, with barite nodules 
sparsely distributed in places. In-
cludes beds of nearly barren, silty 
claystone 30 em. thick. 
Claystone, or silty claystone, with zones 
of barite nodules in places. Abundant 
yellow coatings on surfaces along barite 
layers (iron sulfate from weathering of 
pyrite occurring with barite). 
Claystone, with barite nodules. 
Claystone. 
Barite nodules, flat, elongate, spheri-
cal. Large barite nodules at base. 
Claystone, gray. 
Similar to 46. 
Barite, nodular, and dense bedded. Three 
claystone beds from 2.5 to 5 em. thick. 
Claystone, with 3 or 4 nodular barite 

























































SECTION VIII (cont.) 
3.0 mm. in diameter. 
Similar to 43. 
Barite, densely bedded, hard. 
Barite nodules averaging 3 mm. in dia-
meter. 
Barite nodules averaging 6 mm. in dia-
meter. 
146 
Claystone, with 1.3 em. bedded zone con-
taining barite nodules from 1.5 to 3 
mm. in diameter, and with layer of 
bedded, broken barite fragments. 
Claystone, with dense bedded barite, 
which grades laterally to barite 
nodules, and lenses. 
Alternating layers of claystone, barite 
nodules, and dense, bedded barite. 
Similar to 23. 
Barite nodules, large (1.3 em.) at base, 
becoming smaller upward, then flat (3 
mm. thick and up to 2 em. in breadth), 
then grading into 2.5 em. bed of dense 
barite. Overlain by 6 mm. of very thin 
barite lenses. 
Siltstone, which grades laterally into 
6.5 em. lense of sandstone. Where 
sandstone lens thickens laterally, 
there is 10 to 15 em. of claystone 
between sandstone and overlying bed of 
barite nodules. 
Similar to 23. 
Claystone, with minute barite nodules, 
etc. 
Similar to 31. 
Claystone. 
Barite nodules, irregular, and fused to-
gether, and densely packed, becoming 
minute at top and bottom. 
Claystone. 
Barite nodules, 1.5 to 3 mm. in diameter. 
Claystone. 
Barite, nodular zone, with barite nodules 
1.3 em. in diameter and smaller. 
Siltstone, with small (3 mm.) barite 
nodules sparsely distributed at top. 
Siltstone. 
Barite nodules, large (2 em.). 
Claystone, silty, gray, stained yellow, 
with alternating zones claystone, and 





















































SECTION VIII (cont.) 
from 3 to 5 rnrn. thick. A small section 











Barite nodular zone. 
Claystone, with a few small barite 
nodules. 
Barite nodules which are small at base 
and at top, and average 6 rnm. in middle. 
Similar to 15. 
Barite, laminated (beds from 3 rnrn. to 1.5 
ern.), in shale, with barite beds thin-
ning in middle and top. 
Similar to 14 at base, but grading into 
very thin beds, and lenses, and nodules 
of barite near top. 
Siltstone, gray, with yellow coating in 
upper part. 
Claystone, silty, gray, stained yellow. 
Similar to 12. Top surface with very 
small (1.5 mm.) to minute barite 
nodules trending in a wavy pattern 
along the dip of the bed, but elong-
ated in the strike direction. 
Claystone, silty, with barite nodules 
averaging 6 rnrn. in diameter. 
Barite nodules, fine-grained, and densely 
distributed in the bed. 
Claystone, silty, soft, light brown, with 
fine-grained barite. 
Shale, silty, brown, with thin, red, and 
yellow iron oxide layers in lower half. 
Shale, silty, red, with thin beds and 
lenses of barite. 
Barite nodules. 
Shale, silty, with barite beds and len-
ses. 
Barite nodules of 6 rnrn. diameter occur-
ring abundantly. 
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SECTION VIII (cont.) 
No. rn. ern. rnrn. 
4 2 Shale, silty, gray, with small, yellow 
globules of iron sulfate coating sur-
face. Also with very small lenses 
and nodules of barite distributed in 
rock. Near top is 2.5 to 4 ern. bed 
of dense barite. 
3 60 Siltstone. 
2 2 45 Black shale and gray siltstone, inter-
bedded. 
Arkansas Novaculite 
1 Chert, bouldery, or novaculite breccia. 
(Base) 
A rhythmic ·type of layering is very well dis-
played throughout most of the ore-bearing section 
and is described in greater detail below. 
(b) Rhythmite. The barite in the above section 
(Section VIII) occurs most abundantly as nodules 
and lenses. Layers of dense bedded barite usually 
grade downward into beds with abundant barite nodules 
with the larger nodules usually in the lower part of 
the bed. Beds with large nodules are most often 
underlain by a relatively thick bed of siltstone or 
claystone. The middle of Plate 34 illustrates a 
layer of dense barite underlain by a nodular barite 
layer. These beds are located on the steeply dipping 
beds along the south flank. 
The most prevalent type of rhythmic layering is 
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Plate 34 . Rhythmic layering in the barite-bearing beds in 
Section VIII, at the nose of the Chamberlain Creek syncline 
consisting of layers of dense bedded barite, barite nodules 
and lenses, and shale . The top of the bedding is to the 
left . Note that the dense barite layer (below the hammer) 
grades downward into barite nodules in shale, and that the 
upper surface is in sharp contact with a thin shale bed . 
The sharp contact at the top may well be due to rapid de-
position of shale. The recurrence of thin shale layers 
throughout the section shown above may be the result of 
cyclic deposition of shale superimposed on a nearly uniform 
deposition of barite. 
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where an interlayering occurs between beds of nodular 
or lenticular barite and silt or shale beds. Plate 
35 shows the rhythmic nature of this type of layer-
ing. 
(c) Unit 36 ~ithic g£~acke). Microscopic exami-
nation of unit 36, one of the two sandstone layers 
showed the material to contain 10% to 15% quartz 
grains, 80% chert fragments, 10% cherty shale and 
pyrite. The quartz grains are well rounded and 
average 0.5 mm. in diameter, and in most cases they 
are in or on the sides of chert fragments, indica-
ting that they were originally in the chert. Most 
quartz grains show thin overgrowths of quartz. 
At least 3 or 4 different varieties of chert 
occur in angular fragments which average about 1.0 
rnm. in diameter. These chert fragments were probably 
derived from the Arkansas Novaculite. 
The siliceous shale between the chert fragments 
and the quartz grains contains abundant clay parti-
cles, fine-grained cubic pyrite crystals which 
average about 7 microns in diameter, and finely dis-
seminated microgranular quartz. 
Very fine-grained pyrite also occurs dissemi-
nated in the chert fragments. Large cubic pyrite 
crystals and spheres of granular pyrite occur in 
both the chert fragments and shale. These large 
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Figure 1. Rhythmic layering in the nodular barite and 
shale beds . Note that there are about five layers of len-
ticular and nodular barite interbedded with shale on both 
sides of the thick claystone layer . 
Figure 2 . Rhythmic layering in the nodular barite and shale 
beds . Note that there is a gradation in bed thicknesses in 
the five sets of lenticular and nodular barite beds and shale 
beds in the upper left half of the picture. 
Plate 35 . Rhythmic layering in the ore-bearing beds from 
Section VIII at the nose of the Chamberlain Creek syncline . 
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pyrite grains range up to 0.25 mm. in diameter. 
According to the sandstone classification of 
PETTIJOHN (1957, p. 291), the rock is classified as 
a lithic graywacke. The well-rounded quartz grains 
are the result of much reworking by waves and cur-
rents and other means of erosion, and were incor-
porated originally in the chert as rounded quartz 
grains. The chert fragments are the result of rapid 
erosion and deposition. The siliceous shale occur-
ring together with the much coarser constituents 
indicates deposition from a turbidity current. 
Because the deposits of chert fragments accumulated 
rapidly, it would be expected that they formed un-
stable deposits probably close to shore. Mobiliza--
tion of this material would upset other deposits 
such as silty shales and because of the heavy medium 
produced, most of the large and small constituents 
would remain together in suspension until final 
deposition in quieter water. 
b Barite sections along the north flank of the Chamberlain 
Creek~ncline. The barite beds along the north flank of 
the Chamberlain Creek syncline were measured and examined 
in two places. One section (Section IX) is on the west 
wall of the open pit and is located approximately 50 meters 
up the north slope of the pit (see figure l, Plate 36). 
This section will be described first. Another section 
153 
Figure 1. Barite section (Section IX ) located about 50 
meters up the slope of the Chamberlain Creek syncline open 
pit . 
Figure 2. Pyrite bearing black shale nodules in black shale 
just below the footwall of the barite-bearing beds at the 
Chamberlain Creek syncline . Note that the sizes of the nod-
ules vary in different beds but remain the same in the same 
bed . 
Plate 36 . Section IX on north flank of the Chamberlai n 
Creek syncline . 
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(Section X) was measured at the base of the north slope and 
is described on p. 161. 
(1) Section (Section IX) located 50 meters up north slope. 
(a) Stratigraphic section of the barite beds and 
underlying black shale beds. The beds in this sec-
tion (Section IX) strike N 70° W and dip 35° SW. 
The section measures 20.5 meters thick and includes 
most of the barite beds and 53 em. of the black shale 
which underlies the barite beds. The section follows: 
SECTION IX 
Location: On the west wall of the open pit and along 
the north flank of the Chamberlain Creek syncline. 































Chert breccia, baritic, siltstone, and 
dense barite, interlaminated with 
minor shale~ thick beds. 
Barite-shale laminae, dense, hard. 
Siltstone, dark gray, dense, hard. 
Baritic shale. 
Similar to 29. 
Barite-shale laminae, dense, dark gray, 
with olive green shale. In upper 
part the green shale contains cubes of 
pyrite up to 6 mrn. in diameter. 
Black shale, with barite. 
Barite-shale laminae, similar to 23. 
Shale, gray, fissile. 
Similar to 23. 
Barite, dense. 













































SECTION IX (cont.) 
Barite-shale laminae, with thin (3 to 6 
rnrn.) layers of shale. 
Shale, grayish black, with barite nodules, 
grades into thin, black shale with small 
barite nodules in places. 
Shale with barite beds ranging from 5 to 
25 ern. thickr very small barite nodules 
distributed throuqhout the section. 
Shale, baritic, with abundant barite 
nodules in lower half and a 1.3 ern. 
zone of barite nodules 5 ern. from the 
top. 
Shale, green, soft, with 3 to 6 mrn. barite 
nodules. 
Barite, dense, medium-bedded, similar to 
14. 
Barite-shale laminae, similar to 15, but 
with layers of dense barite 1 to 2.5 
ern. thick in upper half of section. 
Sandstone, lenses out in places. 
Barite-shale laminae, similar to 13. 
Barite, dense, thin-bedded. 
Barite-shale laminae, similar to 11, but 
with 6 rnrn. to 1.3 em. layers of barite 
with interlarninated shale. 
Shale seam. 
Barite-shale laminae, gray, (up to 6 
rnrn. layers), with very thin (1.5 mrn. 
or less) laminations or seams of shale. 
Shale, gray, with some barite and barite 
crystals in places. 
Barite, dense, hard, layered, with the 
lowermost portion consisting of gray 
shale. 
Shale, black, thin-bedded7 abundant 
barite lenses in en-echelon patterns 
in vertical section. 
Shale, black, with pyrite and abundant 
small (3 to 6 rnrn. in diameter) pyritic 
nodules. 
Shale, black, with pyrite nodules aver-
aging 1 to 2 ern. in diameter. 
Shale, black, with pyrite nodules aver-
aging 1.3 ern. in diameter at base of 
bed and grading upward to smaller 1.5 
rnrn. nodules at top. 
Shale, black, with pyrite nodules aver-
aging 4 ern. long, 2.5 ern. wide, and 1 
to 2 ern. thick. 
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SECTION IX (cont.) 








Shale, dark gray, hard. 
Shale, black. 
Shale, black, with abundant pyrite nod-
ules about 1.3 em. in diameter. 
The various units in Section IX are described 
in more detail below. 
(b) UnderlYing black shale. Part of the lower black 
shale section with pyrite nodules is shown in figure 
2, Plate 36. This same horizon was observed in vari-
ous exposures along the north and south flank and at 
the nose of the syncline. 
(c) Unit 8 (en-echelon layering of baritel - mega-
scopic. Figure l, Plate 37 shows the en-echelon 
pattern of barite lenses in the lower part of the 
barite section. Figure 2, Plate 37 is a planar 
cross-sectional view of the same material. 
(d) Unit 11 (rhythmit~-=-megascopic and micro-
Plate 38 is a 1 to 1 photograph of a thin 
section from beds in unit 11 showing alternating 
barite and shale layers. Microscopic examination 
showed the barite layers to consist of int~rgrown 
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Figure 1 . Barite l e nses with an en-echelon patter n in the 
lower part of the Chamber lain Creek syncline barite section . 
See also figure 2 for a c r oss-section in plan view of the 
same material . 
Figure 2 . Cross-section in plan view of the barite lenses 
shown in figure 1 . 
Plate 37 . Vertical and planar sections of hand specimens 
of the en-echelon barite l enses in shale in unit 8, Section 
IX, Chamberlain Creek s yncline . 
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Plate 38 . Rhythmically layered barite (white) and shale 
from unit 11, Section IX, Chamberlain Creek syncline . Also 
shown here is the principal geopetal feature in beds of 
interlayered bari te and shale and consists of humpy, or 
bubbly, upper surfaces of the barite layers, and often the 
gradual transition of shale into barite at the lower part 
of the barite layers. The sharp, humpy, upper surfaces of 
the barite layers is probably due to loading effects from 
rapidly deposited shale on barite. Each shale layer may 
represent a seasonal influx of quartz and clay . The quartz 
grains in the shale layers do not show graded bedding but 
this may be due to the fineness of the grains . Mag . 3X . 
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crystals of granular barite and quartz. The grains 
average 10 microns in diameter. Barite is by far 
more abundant. The quartz crystals are usually only 
partly developed, with the larger crystals occurring 
along the shale layers. In some cases the quartz 
crystals are themselves intergrown. 
are truncated by the shaly layers. 
Some crystals 
Complete crystals 
with idiomorphic faces on all sides are rare, although 
some occur within small partially developed barite 
ray patterns. The texture and mineralogy is similar 
to unit 1 of the section (Section V) near the west 
wall of the pit (seep. 58), and to numerous other 
occurrences of layered and lenticular barite and 
quartz in the Chamberlain Creek syncline. 
(e) Unit 9 - megascoEic and microscopic. The beds 
in the underlying unit 9 (15 em. up in unit 9) are 
similar but have thinner shale and barite layers, 
with smaller and less abundant quartz grains in the 
barite layers. 
(f) Unit 14 - microscopic. Unit 14 contains about 
10% calcite and intergrown barite and quartz. Micro··-
stylolites also occur. 
Microstylolites. Microstylolites are shown in 
Plate 39. The stylolitic seam consists of granular 
Plate 39. Microstylo1ites from unit 14 . The top of the 
photograph is the top of the specimen . Mag . 3X. 
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calcite and a very fine-grained material, of which 
the composition is uncertain. 
(g) Unit 28 - microscQEic. Microscopic examination 
showed unit 28, a black shale, to contain abundant 
yellow, organic substance. 
Microscopic examination of a sample taken from 
the top of unit 29 showed textures similar to unit 
11. Coarser grains of about 20 microns in diameter 
also occur. A group of barite crystals will often 
surround a quartz crystal. The corner between two 
crystal faces on the quartz crystal often is the 
point or edge along which the surrounding barite 
grains join each other. In other cases, the inter-
nal quartz grain does not have complete idiomorphic 
form, but instead has a very irregular, or blebby, 
form. 
(2) Section (Section X) at base of north slope. 
(a) Stratigraphic section. The beds in this section 
dip 32°s. The section is 14 meters thick. A small 
portion of the lower barite beds are not measured, 
since they were not exposed. This section was 
studied in greater detail since the entire exposed 
section was easily accessible. 
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SECTION X 
Location: At the base of the north slope near the west 














































Siltstone, with some nodular barite zones 
of 5 ern. thickness, and barite-shale 
laminae with dense barite layers from 1 
to 5 ern. thick. The baritic chert brec-




Barite-shale laminae, wavy, with abundant 
green shale. 
Shale, green. 
Barite-shale laminae, wavy layered, with 
5 rnrn. to 1 ern. green shale layers in 
places. Figure 1, Plate 40 shows the 
layering in the wavy bedded type of 
barite from this horizon. 
Barite-shale laminae, in irregular to 
wavy layers up to 3 ern. thick in upper 
part. The barite layers thicken pro-
gressively upward in two parts of the 
section. 
Shale. 
Similar to 57 . 
Shale. 
Barite-shale laminae, with lenticular, 
barite with almost no shale. 
Shale. 
Barite, dense, thin-bedded. 
Shale, green. 
Barite-shale laminae in wavy to flat 
layers. 
Shale, green, with lenses and nodules of 
barite. 
Barite-shale laminae, with wavy layers, 
and with 1 to 3 ern. of green shale at 
13 ern. from top. 
Shale, black, with abundant 2 rnrn. barite 
nodules in upper part. 
Barite-shale laminae, with barite, twice 
becoming progressively thicker up 
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Plate 40 . Calcareous barite layer, unit 33 in center . 
Note the thinning and thickening of the layer which is in 
part due to deposition and settling due to gravity of the 
overlying barite at various depressed points along the top 
of the calcareous layer. Top of pen points to black shale 
in unit 34. 

















































SECTION X (cont.) 
section (from 1 to 3 em. in lower pro-
gression, and 5 rnrn. to 3 em. in second 
progression which is higher. 
Shale. 
Barite, dense, with wavy layers. 
Shale. 
Barite-shale laminae with wavy layers. 
Barite, dense, underlain by 2 rnrn. of 
shale. 
Similar to 31, with barite nodules and 
abundant green shale. 
Barite-shale laminae with barite layers 
0.5 to 1 ern. thick. 
Barite-shale laminae with wavy layers. 
Similar to 38. 
Barite nodules up to 5 rnrn. in diameter. 
Barite, dense. 
Barite-shale laminae with barite layers 
1 to 2 ern. thick. A 2 rnm. shale lens 
occurs 20 em. up in the section. Many 
parts grade laterally into wavy layers 
and lenses of barite (due to abundant 
thin, green shale). 
Shale, green. 
Barite-shale laminae with barite layers 
averaging 8 rnrn. thick, and with 8 rnrn. 
of green shale at 15 ern. up in the sec-
tion. 
Shale, black (10 ern. thick in places). 
Barite-shale laminae in lower part, fol-
lowed by a lenticular, calcareous bar-
ite layer which is in turn followed by 
a rhythm of barite-shale laminae. The 
section from top to bottom is as fol-
lows, beginning first with the upper 20 








Shale, thinly layered. 
Barite. 
Shale, thinly layered. 
Barite. 


















































SECTION X (cont.) 
grained, lenses out laterally. 
Layer has irregular top and bottom 
surfaces (see figure 2, Plate 40). 
Barite, with thin shale laminae in 




Barite layers, very thick. 












Shale, very thin. 
Barite. 
Shale, very thin. 
Barite. 
Shale, very thin. 
Barite. 
Shale, very thin. 
Barite. 















Shale, with barite lenses. 
Barite. 
Shale. 



























SECTION X (cont.) 
diameter, and lying along a layer. 
Unit 31 was measured 3 meters down dip. 
The section is as follows: 
Shale. 
Barite, consisting of four barite 
layers interlayered with thin 




























Barite-shale laminae with barite layers 
averaging 3 to 5 mm. thick. Thick 
shale layers from 2 to 3 mm. occur at 
7.5 em., 15 em., and 40 em. up in the 
section. Barite layers become 1 to 
1.5 em. thick in upper 10 em. of the 
section. 
Barite-shale laminae with barite in thick 
layers from 5 to 8 rnrn. thick. At 7.5 
em. from bottom is 5 rnm. shale. 
Barite, dense, grades to thick layers in 































SECTION X (cont.) 
places. 
Barite-shale laminae with barite in thick 
layers up to 1 ern. thick at base and at 
top. 
Siltstone, grades to shale in upper 5 em. 
(see figure 2, Plate 41). 
Barite-shale laminae. Lower 20 em. con-
sists of thin barite layers similar to 
top of unit 23. Layers thicken up to 3 
to 5 rnrn. in lower part. The upper 20 
ern. of the bed (see figure 1, Plate 42) 
consists of barite layers which thicken 
to 5 ern. in center, then thin to 2 or 3 
rnrn., then thicken to 8 rnrn. at top. Two 
5 rnrn. shale layers occur 20 em. from 
top and 3~ ern. from top. Upper surface 
o£ unit 24 is undulating in places. 
Barite and silty shale. Bed consists in 
lower part of barite nodules up to 1 
ern. in diameter, becoming smaller high-
er up as more silty shale occurs (see 
figure 2, Plate 42). Lower part of 
upper 13 em. with 2.5 em. layers and 
lenses of barite (similar to wavy-bedded 
barite), followed by 1.5 ern. shale which 
grades to barite. At top are thin 1 to 
3 rnrn. barite layers. 
Shale, greenish black, with barite nodules 
up to 1 ern. in diameter. 
The section from top to bottom is as fol-
lows: 
Barite layers up to 5 mrn. thick. 




Shale, greenish gray. 
Barite-shale laminae, and silty shale. 
The aection from top to :tottorn is as 
follows~ 
Barite layers which are thick (1 
em .. ) near top. 
Barite in two layers. 
Siltstone. 
Barite-shale laminae with barite 
in 12 layers with thickest layers 
Figure 1. Barite-shale laminae with thick barite layers 
from unit 31. In the upper left corner is the lower part 
of the calcareous layer (see unit 33). 
Figure 2. Siltstone bed unit 25. 
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Plate 41. Barite and siltstone from Section X, north flank , 
Chamberlain Creek syncline. 
Figure 1. Barite-shale laminae with thick barite layers 
from unit 24 . Pen rests on shale layer . 
Figure 2 . Silty shale with small barite nodules and wavy 
bedded barite from unit 23. 
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Plate 42. Barite-shale laminae and silty shale units from 
Section X, Chamberlain Creek syncline. 















































SECTION X (cont.) 




Barite layers with practically no shale 
between them. Unit 17 from top to 
bottom is as follows: (Unit 17 to 10 







Barite-shale laminae. At base occurs 6 
mm. of barite, which becomes shaly with 
minute lenses and nodules of barite in 
upper 2 em. of bed. 
Shale, with barite lenses and nodules. 
Barite-shale laminae with minute barite 




Shale, silty, green, with barite nodules 
1 rom. in diameter near top and grading 
into barite lenses. 
Barite, dense, near black, thick-bedded, 
with minor shaly, lens - like laminae 
about 1 mrn. thick, and a few em. long. 
Barite-shale laminae, light gray and 
dark, thinly banded barite. 
Barite, calcareous, dense, light gray, 
medium-bedded. 
Similar to 8. Layers thicker toward 
base, with light gray layers disappear-
ing toward base. 
Barite-shale laminae, with nearly black, 
barite layers ranging to 1 to 2 em. 
thick in places. 
Shale, black. 
Barite, dense, nearly black. 
Barite, calcareous, dense, fine-grained, 
medium-bedded. 
Barite-shale laminae, with light and dark 
gray, banded, barite with sedimentary 
slumpage layering in places. 
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4 90 em. 
5 
6 1 m. 5 em. 
7 60 em. 
8 1 m. 83 em. 
9 60 em. 
(Base) 
Siltstone. 
Barite-shale laminae, wavy. 
Barite-shale laminae, becoming wavy and 
nodular in places. 
Similar to 6. 
Shale, greenish black, with barite nod-
ules. This is unit 22 in Section X. 
Barite-shale laminae, thinly layered to 
wavy. 
Barite, black, dense, thick-bedded. 
Barite-shale laminae. 
Barite-shale laminae, white and gray 
barite, banded. 
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2 Fancy Hill deposits 
The Fancy Hill deposits follow a general east-west 
trend about 40 to 60 miles west of the Chamberlain Creek 
syncline deposit. They extend over a distance of 18 miles 
from the Pigeon Roost Mountain area at the east end (Sec. 
30, T 4 S, R 23 W, Caddo Gap Quadrangle) to Fancy Hill 
Mountain (Sec. 24, T 4 S, R 27 W, Caddo Gap Quadrangle) at 
the west end (see also figure 2). The largest of the Fancy 
Hill deposits include the Gap M~untain deposit, Henderson 
deposits, Eagles Nest deposit and McKnight deposit. Barite 
has been produced from all the deposits. These deposits 
all lie in the Stanley Shale above the Arkansas Novaculite. 
The most easterly of the deposits is the Gap Mountain 
deposit and is described first. 
a Gap Mountain. At Gap Mountain there are four lenticular 
deposits ranging from 100 to 400 meters in length and from 
7 to 10 meters thick. The deposits extend over a distance 
of two miles along the north flank of the Mazarn syncline 
(see figure 2). According to MCELWAINE (1946), thin lenses 
of barite nodules have been traced for a distance of five 
or six miles to the east side of R 27 W. 
The lower barite beds range from 25 to 30 meters above 
the Arkansas Novaculite - Stanley Shale contact. Barite 
occurs laterally between the main lenses as sparsely dis-
tributed barite in shale and as barite nodules. 
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The stratigraphic sections which follow (Sections XI 
to XIV inclusive) are from one of the lenticular deposits 
at the eastern end of the Gap Mountain deposits in Sec. 19, 
T 4 S, R 25 W. The stratigraphic sections are described 
from east to west, with Section XI near the edge of the 
lenticular deposit, and Sections XII and XIII toward the 
thicker parts of the deposit. Section XIV lies farthest 
to the west. The beds strike N 7 5° W and dip 40° NE, and 
are overturned. 
(1) Section XI (east end of east cut). Section XI occurs 
at the east end of the east cut (see Plate 91) near the 
edge of the lenticular deposit. Barite occurs as nodules 
in shale and siltstone beds. 
SECTION XI 
Location: East end of the east cut in Sec. 19, T 4 S, 















Siltstone, yellowish brown, with brown 
iron oxide along bedding planes, and 
in joints. 
Covered. 
Shale, silty, dark gray, thin-bedded. 
Claystone, silty, gray, loose, with 
sparsely distributed barite nodules. 
Siltstone, dark gray, compact, dense, 
hard, thin-bedded, which grades lat-
erally to soft, white material. 
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SECTION XI (cont.) 







95 Shale, laminated, with small barite 
nodules 1.3 ern. in diameter in places. 
Joints up to 2.5 ern. wide filled with 
silt, and brown iron oxide. 
30 Baritic siltstone, yellowish brown, thick-
bedded, with small, lenticular barite 
nodules 1.3 ern. and less in diameter. 
15 Claystone, silty, yellowish brown. 
75 Baritic shale, silty, with abundant red-
dish brown iron oxides along bedding 
planes. Small barite nodules 1.3 ern. 
in diameter in lower part. 
30 Siltstone, yellow in weathered part. 
83 Shale, silty, gray, medium-bedded, with 
(Base) 
purple diffusion rings or bands which 
are 60 ern. in diameter, and vary up 
to 2.5 ern. thick. Bedding strikes 
N 650 W and dips 64° NE. 
(2) Section XII (middle of east cut). Section XII was 
measured about 25 meters west of Section XI (west of the 
east end of the east cut), and shows the thickening of the 
barite beds within the lens. The beds strike N 7 5° W and 
dip 38° NE, and are overturned. See Plate 91. 
SECTION XII 
Location: Middle of east cut in Sec. 19, T 4 S, R 25 
W, on the south side of Gap Mountain. 

































SECTION XII (cont.) 
1.3 em. thick), with two dense barite 
beds, 5 em. and 9 em. thick at base. 
Barite, dark gray to black, dense, fine-
grained, medium-bedded, with upper bed 
23 em. thick, middle bed 4 em. thick, 
and lower bed 20 em. thick. 
Baritic shale, light gray, with beds 
from 5 to 10 em. thick. Dark gray to 
black in places, with lenticular and 
elongated nodules 2.5 em. in diameter 
scattered in places. The long axes of 
the nodules are oriented N-S (into the 
bedding). The intermediate axes are 
oriented E-W. The short axes are ver-
tical or perpendicular to the section. 
In many cases, the long axes are E-W 
oriented. The 1 to 2.5 em. layers of 
high barite content with black coating 
on weathered surface. Coating varies 
in places to hard, yellow ochre. 
Shale, gray, fissile, with abundant, 
small barite nodules 1.3 em. and smaller 
in diameter. 
Baritic shale, thin-bedded in upper part, 
and thick 30 to 35 em. bed in lower 
part, with barite nodules in places up 
to 4 em. in diameter. Long axes of 
nodules trend N 40° E in one part. Long 
axis of one nodule trends N 60° E. 
Barite, dark gray, hard, thick-bedded, 
but laminated in upper part. Dip of 
beds is 51o. 
Shale, medium-bedded, with abundant, hard, 
black barite nodules up to 5 em. long. 
Shale, gray, medium-bedded. 
Shale, tan, with barite nodules 2.5 em. 
in diameter, and layers of barite 1.3 
em. thick in places. 
Barite, dark gray, hard, medium-bedded, 
with vugs up to 6 mm. in diameter in 
places in upper part of bed. 
Shale, yellowish brown, with abundant 
barite nodules. 
Shale, clayey, yellow, soft, interbedded 
with layers of hard, yellowish brown 
iron oxide 2.5 to 5 em. thick. 
Baritic shale, including one bed of hard 
barite, and layers of bedded barite 









SECTION XII (cont.) 
section is as follows: 
Baritic shale, thin-bedded, with 
beds ranging from 5 to 10 em. 
thick. 
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Barite, hard, medium-bedded. 
Baritic shale, thin-bedded, with 
beds ranging from 5 to 10 em. 
thick, and with barite nodules 
up to 5 em. in diameter. Barite 
nodules decrease in size toward 
bottom. The base of this bed 
(overturned) is the top of the 
cut or cliff. 
Baritic shale, thin-bedded, with small 
barite nodules in places. 
The remainder of the Stanley Shale section (strati-
graphically below Section XII and above the Arkansas Novacu-
lite) consists of shale, sandstone, siltstone, chert, and 
conglomerate, and is described as stratigraphic Section IV 
on page 42. 
( 3 ) Section XIII (west end of east cu!l. Stratigraphic 
Section XIII lies about 25 meters to the west of Section 
XII, and consists of a thick section of hard, dense barite 
beds (see also Plate 92), forming the main part of the ex-
posed lenticular deposit. Above and below this section of 
hard barite beds occurs thin shale and baritic shale layers 
with abundant barite nodules. The section follows. 
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SECTION XIII 
Location: 50 meters west of the east end of the east 

































Shale, with barite nodules and a few 




Barite and shale, thin-bedded. 
Barite, dense, hard, medium-bedded. 
Claystone. 
Barite, dense, hard. Some beds are 30 
em. thick. 
Barite, thinly layered. 
5 Barite, dense, hard, thin-bedded. 
Barite, thinly layered. 
Barite, dense, hard, thin-bedded. 
Barite and shale, thinly layered, with 
barite nodules in upper part, and be-
coming shaly with a few scattered 
barite nodules and thin baritic shale 
layers in lower part. 
Several of the hard, dense barite beds from the above 
section (Section XIII) were examined microscopically, and 
they are described below. 
(a) Unit 9 - microscopic. Microscopic examination 
of unit 9 (thin section GM (1)) showed the rock to 
consist mostly of granular barite with the grains 
178 
averaging 15 to 20 microns in diameter. Minor quartz 
patches occur between the grains. 
(b) Unit 7 - microscopic. Examination of unit 7 
(thin section GM (2)) showed the rock to consist of 
the following: a) stalks of barite (see Plates 43 
and 44) up to 1 mm. in length with blebs of quartz 
lined up in places parallel to the stalks, b) clear, 
elongate, forms of granular quartz and barite with 
partly developed radial wedges of barite in places, 
c) granular barite and quartz. 
(c) Unit 5 - microscopic. Microscopic examination 
of a sample from the upper 15 em. of unit 5 (thin 
section GM (3)) showed the rock to be similar to 
unit 9 and with practically no quartz. A sample 
taken 60 em. from the top (thin section GM (6)) of 
unit 5 was also similar to unit 9 with practically 
no quartz. A sample 1.4 m. from the top (thin sec-
tion GM (9)) showed granular barite and very thin 
layers of yellow and red iron oxide. A sample taken 
30 em. from the base of unit 5 (thin section GM (12)) 
consists of granular barite and texture similar to 
the upper part of unit 5. The rock also contains 
abundant spherical to oval forms of barite which 
are slightly flattened parallel to the bedding, and 
which are 0.13 mm. long. They may be replaced 
Figure 1. Barite stalks from bed unit 7. Thin section 
GM(2). Mag. 30X. 
Figure 2. Barite stalk from bed unit 7. Thin section 
GM(2). Mag. lOOX. 
Plate 43. Photomicrographs showing barite stalks from 
unit 7, Section XIII, Gap Mountain. 
179 
Figure 1 . Barite stalk from bed unit 7, Section XIII . 
Thin section GM( 2) . Mag. 30X. 
Figure 2 . Barite beds in Section XIV. Beds overturned . 
Plate 44 . Photomicrograph of barite stalk from unit 7, 
Section XIII, and view of barite beds from stratigraphic 




radiolarians, since their size and form are similar 
to partially replaced radiolarians occurring in the 
barite beds of the Chamberlain Creek syncline. A 
sample from the base of unit 5 (thin section GM (13)) 
showed the rock to contain the following: a) irregu-
lar stringers of clay, b) wavy, irregular layers of 
coarse grained barite with grains averaging 0.13 mm. 
in diam~ter, c) radial barite wedges partially de-
veloped, d) ~ few scattered quartz grains, e) small 
sphe~ -,1 forms of granular barite, and f) finely 
granula_ barite in a lacy network of quartz. This 
forms the bulk of the material between the wavy 
layers of coarsely granular barite. 
(d) Unit 1 - microscopic. Microscopic examination 
of unit 1 (thin section GM {15)) showed the rock to 
consist of finely granular and elongate particles 
of barite with abundant inclusions. The grains 
average 0.13 mm. Other forms consist of radial 
barite of 0.14 mm. and stalk-like forms of 0.5 mm., 
and oval to spherical forms of 0.13 mm. which may 
be radiolarians replaced by barite. 
Section XIV {120 meters west of Section XIII). About 
120 meters west of Section XIII the barite beds lens out 
into shale. A small section was measured near the lens 
out. The locality is near the west end of the west pit 
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(see figure 2, Plate 44). 
SECTION XIV 
Location: West end of the west pit in Sec. 19, T 4 S, 
R 25 W, south side of Gap Mountain. 





















Barite, hard, very thinly layered. 
Shale, with barite nodules. 
Barite, dense, hard, medium-bedded, with 
barite nodules. 
Baritic shale, gray. 
Shale, with barite nodules. 
Barite, dense, hard, very thin-bedded. 
Similar to 4. 
Barite, hard, medium-bedded. 
(a) Unit 8 - microscopic. The base of unit 8 was 
examined microscopically and found to consist of an 
interlaced, splotchy or web-like network of quartz 
and granular barite. Distributed in places are 
spheres of radial barite averaging 60 microns in 
diameter. Large (up to 0.17 rnm.) thinly quartz-
rimmed, oblong, curved forms with short inward 
pointing barite wedges and stalks occur in places. 
There are also a few scattered, rounded and angular, 
quartz grains ranging from 0.3 to 0.4 rnrn. in dia-
meter. 
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b Henderson_£~osits at Fancy Hill. The Henderson deposits 
at Fancy Hill are located about 60 miles west of the Cham--
berlain Creek syncline deposit and about 6 miles west of the 
Gap Mountain deposit. The Henderson deposits include 6 len-
ticular bodies of barite 100 to 600 meters in length with an 
average thickness of 10 meters. The deposits extend over a 
distance of 4 miles and follow a general east-west trend. 
M:>st of the deposits lie on the routh side of Fancy Hill 
Mountain (north side of Back Valley, which is a short, 
westerly extending branch of the Mazarn syncline). See also 
figure 2. These deposits all lie in the Stanley Shale above 
the Arkansas Novaculite. 
The following three stratigraphic barite sections (XV 
to XVII inclusive) are from open cuts on the south side of 
Fancy Hill Mountain. Section XV (see Plates 93 and 66) is 
the most westerly of the three sections and is described 
first, followed by Sections XVI and XVII, which is the most 
easterly of the open cuts. 
The lower barite beds range from 3 to 10 meters above 
the Arkansas Novaculite - Stanley Shale contact. The beds 
strike N 72° W and dip 52° NE and are overturned. 
( 1) Section XV. 
(a) Stratigraphic Section. 
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SECTION XV 
Location: The most westerly of the three open cuts on 
the north side of Back Valley in SW ~' Sec. 19, R 25 W, 
T 4 S, Caddo Gap Quadrangle. 




















































Shale, with small barite nodules 3 rnrn. 
in diameter in lower 90 ern. 
Baritic shale in beds 2.5 ern. thick, 
interbedded with layers of thin gray 
shale 1.3 ern. thick. 
Barite, dense, lens. Units 35 to 10, 
inclusive are from the large exposure 
of barite beds. 
Shale, with some baritic shale. 
Baritic shale, with some barite nodules, 
and harder, heavier than unit 34. 
Barite nodules, which grade into 31. 
Baritic shale and elongated barite nod-
ules. Grades into 30. 
Baritic shale, with large barite nodules 
1.3 to 2.5 em. in diameter. Nodules 
with concentric layering consisting of 
dark, radial, crystalline shells al-
ternating with light, non-radial, cry-
stalline shells. 
Shale, barren, fissile. 
Shale, with small barite nodules, and 
low grade baritic shale with dense 
layers 6 rnrn. to 2.5 em. thick in 
center. 
Baritic shale, dense. 
Shale, with barite lentils at base, and 
barite nodules 6 rnrn. in diameter at 
top. Grades into 25. 
Barite nodules 6 mrn. to 1.3 ern. in dia-
meter. Grades into 24. 
Barite nodules, which increase to 2 em. 
in diameter and grade into 23. 
Barite nodules, or lenses, flat, grading 
into layers. 
Barite layers of 6 rnrn. thickness. 
Barite nodules and lenses. 

















































SECTION XV (cont.) 
Barite, dense. 
Barite nodules and lenses, with nodules 
mostly in lower part. 
Baritic shale, thick-bedded, with zones 
of lenticular, baritic shale, and 
nodular barite zones. Upper part with 
2.5 em. bed with barite nodules 6 mm. 
in diameter, which grades to zone of 
shale 5 em. thick, with less barite 
nodules on both sides. Grades to 17. 
Shale, baritic, silty, dense. 
Barite, fine-grained, hard, and grades 
to 15. 
Siltstone, which grades to 14. 
Barite in layers 1 mm. and less in thick-
ness, and grades to 13. 
Barite, dark, dense, hard. 
Shale, baritic, and cover. 
Shale, baritic zone, with zones of shale, 
barite nodules, and lenses, and hard 
barite layers. The following occurs 
from top to bottom: 
a) Baritic shale. 
b) Barite, hard. 
c) Barite nodules. 
Shale, interbedded with beds of hard, 
dark gray barite 10 to 15 em. thick, 
and beds of nodular barite of similar 
thickness. 
Barite and shale, bedded, with thin 
barite layers of 3 mm. thickness. 
Barite nodules, abundant, and 3 mm. to 
1.3 em. in diameter. 
Barite layers, lenses, and nodules, 
interlayered with shale. 
Barite, dark gray to black, medium-
bedded. 
Barite, dense, gray, thick-bedded. 
Similar to 7. 
Barite layers, lenses, and nodules, 






Figure 1. Layered lenses and nodules of barite from Section 
XV, unit 17. 
Figure 2. Hand specimen of nodular and lenticular barite 
from Section XV, unit 7 (Sample FHW-5). (See text) . 
Plate 45. Photographs of hand specimens of nodular and 
lenticular barite from Section XV, Henderson deposits, Fancy 
Hill District. 
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In Section XV two barite types peculiar to, and 
abundant in the Fancy Hill deposits were examined 
microscopically. The first type consists of a medium 
to dark gray, dense, fine-grained, limestone appear-
ing barite. This type occurs in unit 5 described 
below. 
The second type consists of layered lenticular 
lenses and nodules inclosed in gray to black silty 
shale (see figure 1, Plate 45). This type occurs 
abundantly in unit 7, which is described below. 
(b) Unit 5, medium_gray, dense barite - microscopic. 
Microscopic examination of unit 5 showed the rock to 
consist of a dense packing of barite grains averaging 
6 microns in diameter. A few quartz grains of about 
4 microns in diameter also occur. Microstylolites 
occur in this ore type. 
Microstylolites. The stylolite seam varies up to 
4 microns in thickness and consists of red, brown, 
and yellow iron oxides. The stylolite seam has 
an amplitude of 0.06 mm. The largest amplitude 
observed is 0.25 mm. 
(c) Unit 7, layered lenses and nodules of barite 
enclosed in gray_to blac~siliv shale - microsco21c. 
This bed and many others, consist of typical Fancy 
188 
Hill ore of the lenticular type. This type is simi-
lar to the lenticular barite ore in the Chamberlain 
Creek syncline in the upper part of Section VII (p. 
133) and at the base of Section IX (p. 156). 
In the hand specimen, the Fancy Hill ore con-
sists of closely spaced, irregular barite lenses and 
occasional nodules. The intermediate layers consist 
of silty shale (see Plate 46). 
Microscopic examination of the lenses shows 
them to consist of quartz, barite, and replaced 
radiolarians. The texture consists of irregular 
•amoebic' patches of quartz interconnected by ir-
regular, elongate extensions from 0.06 to 0.12 mm. 
in length. The barite occurs interspersed within 
this quartz network. The quartz patches often form 
the interiors which are surrounded by radial barite 
and quartz extensions. The structure is poorly de-
veloped. Some of the quartz-barite lenses have a 
narrow rim of barite wedges pointing inward. Radial 
barite nodules occur at particular horizons in the 
shale between the lenses. The radiolarians which 
occur in the lenses consist of two parts, a thick 
outside rim and a core. The average diameter of 
the forms is 30 microns. The outer shell is 10 
microns thick and the core about 10 microns in dia-
meter. 
The shaly layers consist of clay, mica, minute 
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Plate 46 . Lenses of barite (light gray) and silty shale 
(dark gray) . Note the settling of barite within the depres-
sion between the two lenses in the center of the photograph . 
Specimen from stratigraphic Section XV, unit 7, Henderson 
deposit, Fancy Hill District . Sample FHW-5 . Mag. SX. 
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quartz grains, pyrite spheres, small lenses of quartz 
and barite, and minute, radiating crystalline spheres 
of about 15 microns in diameter. Some of the crystal-
line spheres have a dark pyrite (?) core. Some show 
a faint concentric structure of 4 or more layers or 
shells. 
(d) Unit 10. Bed 10 is similar to the lenticular 
barite in unit 7 except that the barite layers and 
lenses and the clay layers are not as clearly defined 
(see Plate 47). 
(e) Unit lla. Bed lla consists of granular barite 
layers and lenses, and clay layers. Elongate barite 
grains are abundant. 
(f) Unit 18. The upper part of unit 18 consists of 
granular barite similar to bed 35 with clay particles 
distributed throughout the baritic layers. Some of 
the fine-grained parts show a crude radial barite 
development. There are also thick clay layers with 
abundant red and brown iron oxide spheres (altered 
pyrite microspheres). There are abundant radio-
larians within the barite layers, with several very 
large forms up to 0.3 mrn. in diameter. 
The lower part of unit 18 is similar to the 
upper part with abundant radiolarians, granular quartz 
Plate 47 . Lenses, nodules and layers of barite from unit 
10, Section XV, Henderson deposit, Fancy Hill District . 
Sample 10, thin section 68 . Mag . 4X. 
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and barite lenses, and layers of granular barite and 
disseminated clay. Small, nodular, barite masses 
show partially developed radial barite along the 
margins. Plate 48 shows the upper and lower parts 
of unit 18, respectively. 
(g) Unit 35. Bed 35, which is near the top of the 
deposit, consists of elongate barite grains of 0.7 
rnrn. in length, and grains of 0.1 rnrn. in length and 
smaller in a finer grained matrix of quartz and 
barite. The grains in the fine-grained matrix are 
6 microns in diameter. Also observed was a mass of 
chalcedony of about 1.0 rnrn. in diameter consisting 
of polygonal, radiating fibrous units. The chalce-
dony mass is partly surrounded by a dissemination of 
yellowish brown material. 
Bed 35 forms a lens. Within this lens is a 
small lenticular mass (see Plate 66) of about a 
meter in length. Microscopic examination of this 
lens showed the material to be similar to unit 35 
with small masses up to 0.8 rnrn. in diameter of equi-
granular barite grains of 0.02 rnrn. in diameter. The 
grains are often arranged side by side in a crude, 
concentric pattern. 
(2) Section XVI. 
Figure 1. Upper part of bed 18, Section XV. Sample 5, 
thin section 63. Mag. 3X. 
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Figure 2 . Lower part of bed 18, Section XV. Sample 6, thin 
section 64 . Mag. 3X. 
Plate 48. Photographs of thin sections of unit 18, Section 
XV, Henderson deposit, Fancy Hill District. 
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(a) Stratigraphic section. Section XVI is the cen-
tral exposure between Sections XV and XVII at the 
Henderson deposits along the south side of Fancy Hill 
Mountain. This exposure or cut is about 50 meters 
east of Section XV. The beds strike N 72° W and dip 
52° NE, and are overturned. 
SECTION XVI 
Location: The center cut of the three open cuts on 
the north side of Back Valley in SW ~' Sec. 19, R 25 W, 
T 4 S, Caddo Gap Quadrangle. 

























Barite layers and nodules. Layers range 
from a fraction of a em. to 30 ern. 
thick, and on weathering of thin seams 
of shale, break up into thin layers 3 
rnrn. to 1.3 ern. thick. Barren seams of 
shale occur as follows: 
At 90 ern. up from base. 
At 1.82 rn. up from base. 
At 1.90 rn. up from base. 
At 2.13 rn. up from base. 
Claystone, reddish brown, with barite 
nodules. 
Barite, thin-bedded, with small barite 
nodules. A bed of dense barite 5 ern. 
thick at top. 
Claystone, reddish brown. 
Barite, thinnly layered (6 rnrn. to 5 ern. 
thick). 
Claystone, reddish brown. 
Barite, laminated, in layers 1.5 rnrn. to 
1.3 ern. thick, with bedded barite 
nodules and interlayered with very thin 
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SECTION XVI (cont.) 
















































seams of shale. 
Shale, with barite layers. 
Barite-shale laminae, with 1.5 to 6 rnrn. 
layers, and with very thin interlayers 
of shale. 
Barite, hard, and grades into nodules 
vertically. 
Barite nodules. 
Claystone, red, with a few beds of loose 
nodular barite 2.5 ern. thick. 
Barite-shale laminae, wavy, with layers 




Similar to 8. 
Similar to 7. 
Barite nodules, loose, with nodules about 
3 mrn. in diameter. 
Barite, nodules, dense. 
Barite, hard, layered to lenticular to 
nodular. 
Shale, black, barren. 
Barite nodules. 
Shale, barren, with upper part grading 
into nodular barite. 
Barite-shale laminae with barite layers 
about 3 rnrn. thick. Small barite nod-
ules 1.5 rnm. and less in diameter in 
upper part where bed becomes more 
shaly, and grades into 4. 
Shale, clayey, gray, with a few small 
barite nodules. 
Covered to top of Arkansas Novaculite. 
(Base) 
Bed unit 6 and unit 25 (see Plate 49) were 
examined microscopically. 
(b) Un't 25 The rock in unit 25 is similar to ~=1-=- 0 
unit 7 of Section XV. It consists of layers and 
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Figure 1 . Bedded bari te from 2 meter s up from base of unit 
25, Section XVI. Sample 25c . 
Figure 2 . Barite from two meters up from the base of unit 
25, Section XVI. Sample FHC-25c . Mag . 3X. 
Plate 49. Photograph of hand specimen and thin section of 
unit 25, stratigraphic Section XVI, Henderson deposit, Fancy 
Hill District. 
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lenses of quartz and barite, and layers of siliceous 
clay. The lenses and layers of quartz and barite 
consist of interconnected rods of quartz. The rods 
often radiate from a blebby mass of quartz. Between 
the rods occur barite wedges. A finer grained inter-
grown network of quartz also occurs in lenses and 
the central part of some nodules. Barite occurs 
between the quartz. 
(c) Unit 6. The rock in unit 6 (see Plate 50) is 
also similar to unit 7 of Section XV. The clay 
layers consist mostly of microgranular quartz. The 
margins of the clay layers consist of recrystallized 
chert, and in places of radial, fibrous chalcedony. 
Either chalcedony or recrystallized chert occurs in 
wedges between barite wedges of radiating barite 
nodules. 
(3) Section XVII. 
(a) Stratigraphic section. Section XVII is located 
about 40 meters east of Section XVI. It is the most 
easterly of the three cuts which have been made in 
this locality. Novaculite is exposed on the wall 
and is apparently the contact between the Arkansas 
Novaculite and the Stanley Shale. The novaculite 
on the wall is followed by 2.75 meters of soil cover, 
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Plate SO . Photograph of unit 6, stratigraphic Section XVI, 
Henderson deposit, Fancy Hill District . Note the light 
gray layers in the upper one-third of the photograph which 
consists of rnicrogranular quartz . Thin section FHC 6-1. 
Mag. 3X. 
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which probably is underlain by Stanley Shale. 
SECTION XVII 
Location: The east cut of the three open cuts on the 
north side of Back Valley in SW ~' Sec. 19, R 25 W, T 4 s, 
Caddo Gap Quadrangle. 










































Barite nodules which average about 1.3 
em. in diameter. 
5 Shale. 
5 Barite, dark gray, hard. 
5 Similar to 29. 
5 
Shale. 
Barite nodules 3 mm. in diameter. 
Barite nodules 1.3 em. in diameter. 
Similar to 27. 
Shale, green. 
Barite nodules in thinly layered barite 
with beds 15 to 25 em. thick and inter-
bedded with harder, less shaly barite 
in beds from 5 to 20 em. thick. The 
weathered 15 to 25 em. zones show 
thinly layered nodular barite and 
shale. 
Barite-shale laminae, dark gray, with 




Barite, hard, in beds 2.5 em. thick, 
which are similar to 20. Interlayered 
with shale. 
Barite, hard, medium-bedded. 
Barite nodules, and thinly layered barite 
with shale. 
Barite, dark gray, dense, fine-grained, 
hard, solid, thick-bedded. Bed is 
present in Section XV, unit 5, to the 
west. 
Barite, thinly layered, and interlayered 
with thin shale seams. Small barite 
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SECTION XVII (cont.) 











































nodules from 1.5 to 3 mm. occur bedded 
throughout the section. 
Shale, tan. 
Barite, layered, with barite nodules at 
base. 
Barite nodules similar to 12. 
Shale, similar to 11. 
Barite lentils and nodules 3 mm. in dia--
meter in purple to gray shale. 
Shale, purple, fissile. 
Barite, dark gray, interlayered with 
thin shale seams. 
Shale, brown. 
Barite, thinly layered and interlayered 
with very thin shale seams. 
Barite nodules, with nodules 3 mm. in 
diameter. 
Barite nodules 1.5 to 3 mm. in diameter, 
followed by small lentils and layers 
of barite at top. 
Shale, black, which grades vertically 
into 6. 
Shale, purple. 
Barite nodules averaging 3 mm. in dia-
meter. 




Arkansas Novaculite exposed on wall 
(apparently the Arkansas Novaculite -
Stanley Shale contact). 
The rock in several of the layers was examined 
microscopically. The various beds examined include 
unit 18, unit 25, and unit 26. 
(b) Unit 18. The rock in unit 18 is essentially 
the same as that described for unit 5 in Section XV. 
The rock consists of nearly pure barite. 
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The barite 
occurs as small, equigranular grains of about 7 
microns in diameter. 
(c) Unit 25. The rock in unit 25 consists of sili-
ceous clay layers and layers of jumbled barite frag-
ments of all sizes embedded in a fine moss-like 
network of quartz and barite. The barite fragments 
occur abundantly, and are oblong and irregularly 
shaped fragments averaging 0.1 rnm. in length. In 
most cases, the fragments are not intergrown with 
the moss-like matrix. Plate 51 is a photograph of 
a thin section from unit 25. 
(d) Unit 26. Unit 26 consists of a fine, interlaced, 
moss-like or lichen-like network of quartz with 
barite distributed in the quartz network. The general 
trend of the quartz fabric is parallel to discontin-
uous clay layers and lenses. Quartz also often forms 
rods parallel to barite crystals where barite with 
radial texture has developed. Plate 52 shows a 
photograph of a thin section from bed unit 26. 
c McKnight deposit. Structurally the McKnight deposit 
occurs in a manner similar to the Henderson deposit, which 
is located about 2 miles to the northwest of the McKnight 
deposit. Both deposits are located on the north flank of 





Plate 52 . Barite layers, lenses, and nodules from unit 26, 
Section XVII, Henderson deposit, Fancy Hill Dastrict. Sam-
ple FHE 16 . Mag. 3X. 
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short westerly extending synclines from the Mazarn syncline. 
The barite bearing beds of the McKnight deposit are 
alrnost9rnetersthick, and the beds at the base of the deposit 
lie directly above the Arkansas Novaculite - Stanley Shale 
contact. 
The McKnight deposit is a faulted extension of the 
Eagles Nest deposit, which lies to the west, and which is 
also discussed on p. 211. The two deposits are separated 
by a series of nearly parallel north-south faults. One of 
these faults is shown in Plate 94, which is a view in per-
spective of the McKnight open pit. 
(l) Stratigr~hic section (Section XVIIIl. The following 
section was measured at the McKnight deposit. The beds 
strike N 50° W and dip 50° SW. 
SECTION XVIII 
Location: South side of Sulphur Mountain, in NE \, 
Sec. 33, T 4 S, R 26 W. 









Siltstone, gray, with black shale lenses. 
Sandstone, which consists of the follow-
ing from top to bottom: 
Sandstone, tan to brown, thick-




Plate 53 . View of the McKnight deposit and open pit looking 
west . See also Plate 94 . The Eagles Nest deposit lies to 































SECTION XVIII (cont.) 
Sandstone, thick-bedded. 
Sandstone, buff to brown. 
Similar to 17, and contains interlayered 
black shale, black shale with barite 
nodules, with nodules averaging 6 mm. 
in diameter, and hard, dense layers of 
baritic shale. Layers range from a 
fraction of a em. to 5 or 7.5 em. thick. 
On the recently weathered outcrop (pit 
diggings), the barite nodules stand 
out, and the hard, dense layers protrude 
(due to differential weathering of shale 
and barite). Also, the hard, dense lay-
ers, and nodular beds with brown iron 
oxide stain, indicate the presence of 
iron, and the association of barite 
with iron (pyrite). At 2.75 m. up in 
the section, the following sequence 
indicating cyclic deposition was mea-
sured: (this is generally representa-
tive of unit 18). 
Shale, with very thin, lenticular 
interlayers of barite and very 
small barite nodules. Larger 
barite nodules in places. 
Shale. 
Baritic shale, hard, very thin-
bedded, and grading laterally 









Barite nodules of 1.5 mm. diameter. 
Baritic shale, hard. 
Barite nodules of 6 mrn. diameter. 
Barite nodules, lenticular, up to 
2 em. long and grading upward to 
6 mrn. barite nodules. 
Shale. 




Plate 54 . Barite section (detailed s ection described in 
unit 18, Section XVIII, McKnight deposit, Fancy Hill District) . 
The section shown above consists of rhythmically deposi ted 















































SECTION XVII (cont.) 
Barite nodules of 6 mm. diameter 





Shale, which is bari tic in places, 
and with some scattered barite 
nodules. 
Baritic shale, black. 
Barite, dense, hard. 
Similar to 13. 
Barite, dense, hard. 
Baritic shale, black, with 6 mm. barite 
nodules. 
Barite, dense, hard, with layers from 3 
mm. to 2.5 em. thick. 
Shale. 
Barite, dense, hard, with layers from 6 
mm. to 10 em. thick, and interlayered 
in places with baritic shale. 
Shale, with barite nodules from 3 to 6 
mm. in diameter. 
Shale, black, and gray, with buff shale 
in places. 
Barite, dense, hard. 
Shale, buff, with a few small barite 
nodules, and thin layers of nodular 
barite. 
Barite, dense, hard, and forms two layers. 
Baritic shale. 
Shale, black, with 6 mm. barite nodules. 
Baritic shale, smooth, with 2.5 em. of 
iron oxide nodules on upper surface. 
Arkansas Novaculite 
1 Novaculite, bouldery. 
(Base) 
Several of the hard, dense barite beds were examined 
microscopically. These include units 16 and 17. Samples 
were also examined microscopically from other horizons (see 
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below). 
(2) Unit 16 - microscopic. Microscopic examination of unit 
16 showed the rock to consist of nearly all barite. It con-
sists of layers of granular barite and very thin shaly layers 
and lenses which consist of clay particles, mica, iron stain 
and orange iron oxide spheres (former pyrite aggregates). 
Much of the barite displays large, interlocking grains 
averaging 60 microns in diameter. Between the larger grains, 
in small aggregates, crudely layered, and in patchy areas, 
are smaller barite and quartz grains of 7 microns in dia-
meter. The quartz grains are often aggregated, as well as 
the barite grains. Some quartz grains lie within the 
larger barite grains. 
The patchy areas with smaller barite and quartz grains 
often are bounded by curved layers and lenses of coarse-
grained barite (see Plate 55). The patches and associated 
swirling layers may have formed during movement of the 
still plastic or semiconsolidated barite sediment. 
(3) Unit 17 -microscopic. Microscopic examination of unit 
17 showed the rock to consist of granular barite and quartz 
interbedded with thin clay layers. Irregularly layered 
and patchy areas of coarse-grained barite with some fine-
grained quartz are interlayered and between irregular patchy 
or layered areas with finely granular quartz and minor 
barite. Within the coarse-grained barite areas are stalk-
1 ffi j:J . 
__ L 
. l•'igure 1. Mi crot extures from Unit 16. 0c c al s o 
fi gure 2 , below. This is part .of the l owe r half" 
of" thin section 71. ~~g . 60X. Details determined 
by a study of" the thin section. 
Figure 2. Same as figure 1. See also text. 
Plate 55. Microfabric in the ba rite beds at ~he 
McKnight deposit, Fancy Hill District. 
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like forms of barite, barite wedges, and spherical barite 
forms with radial barite. Egg-shaped bodies of barite 
averaging 0.125 mrn. long with the longer C:tXis pa.rallel to 
the bedding occur abundantly. Around each egg-shaped form 
occurs usually a thin rim of fine-grained quartz. 
Other beds examined also showed the granular texture 
of the barite and quartz. Generally, layers with ~bundant 
granular quartz are interlayered with layers which consist 
mostly of barite. 
Disruption of layers also occurs. Plate 56 sllows rock 
consisting mostly of granular barite, stalk-like barite 
forms, fragmentary masses of finely granular barice and 
quartz. Well-rounded detrital quartz grains occur near 
the bottom of the photograph. The thick layers i.n the mlddle 
of the photograph have been broken. The material withln the 
break consists of sundry forms of barite filled in from 
a rove. 
d Eag1__§~-~.§~d.§I22.§.it. The Eagles Nest deposits, which is 
also known as the Sulphur Mountain deposit, occurs on the 
south side of the Back Valley syncline about one mile south 
of the Henderson deposit, and west of the McKnight deposit. 
The barite beds are 3 meters thick, and the lower beds 
range up to 4 meters above the Arkansas Novaculite - Stanley 
Shale contact. 
(1) Stratigra2hic section. The barite section (Section 
Plate 56 . Disrupted barite layer, and fragments, stalks, 
and grains of barite from unit 17, Section XVIII, McKnight 





Location: South side of Back Valley in W ~' Sec. 30, 






























Barite-shale laminae, with barite layers 
3 rnrn. thick. 
Shale, with abundant barite nodules 6 
rnm. to 1.3 ern. in diameter. 
Barite-shale laminae, fine-grained, 
thinly layered, blocky. 
Shale. 
Shale, with large barite nodules in 
places. 
Barite-shale laminae. 
Shale, with abundant barite nodules from 
6 rnm. to 1.3 ern. in diameter. 
Barite, gray, dense, hard, medium-bedded, 
and appears like novaculite. 
Shale, with barite nodules. 
Barite-shale laminae (barite layers ave-
rage 5 ern. thick), with beds of lenticu-
lar barite nodules. 
Shale and claystone, and barite, with 
barite nodules scattered in places. 
Thin, hard barite beds 5 ern. thick, 
and purple shale with barite nodules 
in layer 45 ern. thick. 
Arkansas Novaculite 
(Base) 
Two of the dense, barite beds were examined rnicroscopi-
cally. These include a bed 2.45 rn. up in unit 1, and unit 4. 
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(2) Unit 4 - microscopi~. Unit 4 consists mostly of 
barite. Barite fragments are present (see Plate 57). The 
barite fragments consist of granular barite of 16 microns 
in diameter. Quartz is present in places as minute grains. 
The fragments are contained in a matrix of barite grains of 
about 16 microns in diameter. with scanty quartz filling in 
between the grains in places. Plates 57 and 58 show flow-
age in the barite matrix and of the less consolidated lay-
ered constituents which have flowed with the mass. 
Egg-shaped bodies averaging 0.125 mm. along the longer 
axis are composed of cryptocrystalline grains. They are 
probably radiolarians. Spherical bodies of similar size 
and degree of crystallinity occur in places. Some show 
radial and concentric structure with the central part con-
sisting of grains about 2 microns in diameter. Another 
sphere showed 7 or 8 concentric shells and is 0.19 mm. in 
diameter (see Plate 59). It consists of chalcedony and 
spherical pyrite aggregates within several of the shells. 
The pyrite spheres range from 6 to 12 microns in diameter. 
(3) Unit 1 - microscopic. The bed examined in unit 1 con-
sists of clay particles, barite grains, quartz cement, and 
orange and brown iron oxide spheres. The barite occurs as 
elongate grains or rods averaging about 50 microns in 
length. The grains often occur in bunches with the indi-
vidual grains within each bunch occurring side by side and 
parallel to each other. A very crude, hummocky, or wavy, 
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Plate 57 . Barite breccia, unit 4, Section XIX, Eagles Nest 
deposit, Fancy Hill District . The flowage feature in Plate 
58 is located left of center in the above picture . Abundant, 
minute, egg-shaped bodies, consisting of barite and quartz , 
probably radiolarians (not visible here) , are loc a t ed in 
top, right of center. Thin section 75 . Mag . 4X. 
-~ --=-----__.....--.._. -----
____ ..._ ------
Figure 1 . Diagram illustrating the flaring tex-
ture a t the end ·of a barite layer. See also figure 
2 which is also shown in the small inse t in the 
upper right corner. Mag . JOX . Details determined by 
a study of the thin section . 
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Figur e 2 . Detail from P 1 ate 57 and shows the texture 
resulting from the end part of a partly consolidated 
bar~ te layer {white) of one t ype of barite floating 
and slO\lly disintegrating into a flaring pattern within 
the darker , more fluid barite matr ix. The darker barite 
1 ; uort.. quartz, etc . (see text) . r . ..ag . )OX. 
Pl~te 58 . r hotomicrograph of flowage feature from 
Unit 4, Section XIX , ~agles Nest deposit , Fancy Hill 
District , also shown in Plate 57 . 
Figure 1. Chalcedony spheres with smaller spheres of 
pyrite . Spheres have concentric shells or layers . Un-
crossed nicols . Unit 4, Section XIX, thin section 75 . 
Mag . 250X. 
Figure 2 . Same as figure 1 but with crossed nicols . 
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Plate 59 . Chalcedony spheres with pyrite from unit 4, 
stratigraphic Section XIX, Eagles Nest deposit, Fancy Hill 
District. 
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layered pattern is developed with the barite rods standing 
at all angles, but still conformable to the layering. 
Quartz occurs between the barite grains. 
There are egg-shaped bodies which have crystalline 
barite with scattered minute quartz grains in the interiors. 
Some of the egg-shaped bodies have exteriors of crypto-
crystalline material, and some of the bodies are completely 
cryptocrystalline. The fossil nature of these bodies is 
shown in Plate 60. 
Examination of a large barite nodule showed abundant 
replaced radiolarians. Plate 61 shows the concen-







Fir:ure 21. Diagram of egg-shaped body with chalcedony 
and barite(?). Unit 1. See also Plate 60. 
f~om center of upper left one forth of thin section 77. 
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Figure 1. Organic structure consisting of chalcedony and 
barite (?) . See also figure 21 and 2, below. Thin section 
77. Mag . 450X. 
Figure 2 . 
nicols . 
Same as figure 1 above and 21, with crossed 
Plate 60. Organic structure consisting of barite (?) and 
chalcedony from unit 1, stratigraphic Section XIX, Eagles 
Nest deposit, Fancy Hill District . 
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Plate 61. Concentric and radial structure of several 
radiolarians in a barite nodule from the Eagles Nest deposit, 
Fancy Hill Dis trict . Thin section 72 . Mag . 2SOX. 
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3 Hatfield District deBQsits 
The Hatfield District deposits are located about 90 
miles west of the Chamberlain Creek syncline deposit, and 
about 30 miles west of the Fancy Hill deposits in the hilly 
area east of the Hatfield, Arkansas (see figures 2 and 5 ). 
The largest of the known deposits include the McClure-
Sallee deposit, Mill Creek deposit, Two Mile Creek deposit, 
and the Blow-out MOuntain deposit. The four deposits lie 
along a general north-south trend, and are probably re-
lated to the same stratigraphic horizon in the Middle Ark-
ansas NOvaculite. The barite bearing beds range up to 1 
meter in thickness. The barite is coarse-grained and 
occurs in beds conformable with layers of novaculite and 
shale. 
The deposits have been opened up largely by small, 
open cuts, but none of the deposits has produced barite 
commercially. The McClure-Sallee deposit has been explored 
more extensively than the other deposits and is described 
first. 
a McClure - Sallee deposit (see figure 1, Plate 62). 
(1) Stratigraphic section. The beds at this deposit are 
locally overturned, and the bottom of the section (Section 
XX) begins at the top of the cut (see Plate 62). A small 
fault with about 2 meters displacement of the bedding also 
Figure l . View looking north toward the diggings at the 
McClure-Sallee deposit . 
Figure 2 . Barite bed (at hammer) at the McClure-Sallee 
deposit . 
Plate 62 . Views of the McClure-Sallee deposit . 
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occurs. The beds at the top of the cut strike N 80° w and 
dip 25° NE into the hill. 
SECTION XX 
Location: 5.5 miles due east of Hatfield, Arkansas, 


















Shale, which dips steeply to the north, 
and is folded in places. 
Barite, dark gray, coarsely crystalline, 
with vugs, thick-bedded, lenticular, 
and ranges up to 50 em. thick. Barite 
nodules occur laterally in bed, which 
is immediately underlain and overlain 
by two thin novaculite beds. Bedding 
dips 80° N. 




( 2 .) Barite !YE§. - megascopic. The barite in the McClure -
Sallee deposit occurs as plates as large as several centi-
meters. The vugs are as large as 1 em. in diameter and 
contain iron oxide. Quartz appears to be absent. 
b Mill Creek deposit (see Plate 63). The Mill Creek 
deposit is located less than a mile west of the McClure -
Sallee deposit, and the two deposits may be stratigraphically 
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Figure 1 . View looking east into the diggings at the Mill 
Creek deposit. 
Figure 2 . Two - Mile Creek deposit. The barite beds are 
mostly exposed in the creek . The outcrop in the foreground 
consists of medium-bedded Middle Arkansas Novaculite . 
Plate 63 . Views of the Mill Creek deposit and the Two Mile 
Creek deposit in the Hatf ield District, Arkansas . 
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equivalent. The stratigraphic section (Section XXI) is 
given below. 
The Mill Creek deposit occurs 
in the Middle Arkansas Novaculite. The bedding is right 
side up, and the section strikes N 65°W, and dips 65° sw. 
SECTION XXI 
Location: 0.1 mile south of Mill Creek in SE ~' Sec. 












Novaculite and shale, interbedded. 
Shale varies from green to black, and 
contains layers of pyrite up to 2 mrn. 
in thickness. 
Barite, medium-bedded, which thickens 
to 45 ern. laterally (10 rn. west of 
cut). Where bed thickens, there is 
also a 5 ~rn. barite bed next to it. 
Novaculite, medium-bedded, with some 
interlayered shale. 
(2) Barite_!Y~· The barite in the Mill Creek deposit is 
very similar to the barite at the McClure - Sallee deposit. 
The rock is vuggy, with iron oxide in places in the vugs. 
The rock is coarsely granular and the grains average 2 mrn. 
in length. Larger grains occur in places along the margins 
of the vugs. Quartz appears to be absent. The rock also 
is very similar to the barite from the McClure - Sallee 
deposit in that it is very heavy, and, with the exception 
of the iron oxide in the vugs, appears to contain mostly 
barite. 
c Two Mile Creek deposit (see Plate 63). The Two Mile 
Creek deposit crops out on both sides of Two Mile Creek 
in NE ~, SE ~, Sec. 11, T 3 S, R 31 w. This deposit con-
sists of a barite bed which is 45 em. in thickness. The 
barite bed occurs in the Middle Arkansas Novaculite. The 
local strata consists of interbedded shale and medium-
bedded novaculite. The beds strike N 55° W and dip 75° S. 
The barite bed is actually exposed in the creek bottom 
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(Two Mile Creek). The creek runs diagonally to the bedding. 
The barite ore is very similar to the ore occurring in the 
other deposits in the Arkansas Novaculite. Platy barite 
grains (crystals) range up to 1 em. in length. 
d Blowout Mountain d~it (see Plate 64). The barite 
beds occur on a spur of Blowout Mountain, which lies to 
the northwest. The barite bed crops out on both sides of 
a saddle. On the west side of the saddle, the bedding 
strikes N 80° W and dips 60° NE, and forms the routhwest 
flank of a syncline which plunges in a northwesterly direc-
tion. On the east side of the saddle the bedding strikes 
N 25° W, and dips 60° SW and forms the northeast flank of 
the syncline. 
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Figure 1 . View looking east toward Blowout Mountain deposit 
(west cut) on west side of spur . 
Figure 2 . View looking west toward Blowout Mountain deposit 
(east cut) on east side of spur. 
Plate 64 . 
ansas . 
Blowout Mountain deposit, Hatfield District, Ark-
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SECTION XXII 
I.oca tion: In the center of Sec. 34, and in Sec. 35, 
T 2 S, R 31 W. 
Middle Arkansas Novaculite 
(Top) 
4 25 5 Barite nodules and shale. 
3 60 Barite, dense, crystalline, hard, thick-
bedded. 
2 15 Novaculite. 
1 30 Shale, grayish blue. 
(Base) 
(2) Str~tigraEbic section (Section XXIII) from the east 
SECTION XXIII 
Location: In the center of Sec. 34, and in Sec. 35, 














The barite is very coarsely crystalline, vuggy, and 
very similar to the barite in the other deposits. The 
barite plates range up to 3 em. in length. Some of the 
plates are arranged in a radial pattern, thus forming barite 
nodules enclosed in granular barite. 
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4 Dierks District 
The deposits in the Dierks District occur in nearly 
flat lying beds of the Lower Cretaceous Trinity Formation. 
The two largest deposits include the Cherry deposit and the 
Lucky 13 deposit. The deposits are presently being mined 
by Dierks Forests, Inc. 
a Cherry deposit. Outcrops and pits were examined and 
samples were collected at the Cherry deposit. The barite 
bearing rock consists of baritic sandstone. 
(1) Barite type - megascopic and microscopic. Hand speci-
men examination shows the rock to consist of layered quartz 
grains cemented by barite, and nodules of quartz grains 
cemented by barite. Both varieties have vugs. The larger 
vugs occur between the larger nodules. The vugs are ran-
domly distributed within the nodular layers or layered 
zones. The very small vugs which are layered within the 
layered quartz grains cemented by barite are apparently 
adjacent to very small nodules which occur layered in this 
type of occurrence. 
No relation appears to exist between nodule sizes and 
detrital quartz grain sizes. 
occur within the same bed. 
Nodules of similar sizes 
The nodules in one bed range from 0.5 ern. to 1.2 ern. 
in diameter and average 0.9 em. in diameter. The grains 
average 0.2 mm. in diameter. 
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Another bed showed the grains 
to average 0.25 mm. in diameter, and the nodules 3 mm. in 
diameter. Another bed showed the grains to average 0.17 
mm. in diameter and the nodules 2.5 mm. in diameter. 
The grain sizes and degree of packing appear to remain 
the same throughout the nodules. 
Microscopic examination of layered quartz grains 
cemented by barite showed the rock to consist essentially 
of quartz and chert grains in a loose packing with abundant 
barite between the grains and with often free surfaces 
between grains. 
The bulk of the grains are angular to subangular. 
Chert constitutes about 5% to 8% of the detrital contents 
which is nearly all quartz. The grains are well sorted, 
and the bulk average 0.11 mm. in diameter. 
Barite constitutes 40% to 50% of the rock. 
b bucky 13 deposit. The Lucky 13 deposit consists of 
barite cemented conglomerate and sandstone of the Pike 
Gravel. 
(1) Barite type -megascopic. Barite nodules (see Plate 
65) or rosettes are common and occur in beds. The rosettes 
range up to 6 em. in diameter. Rosettes are often grown 
together. The rosette consists of sandy quartz grains 
cemented by barite plates with the plates radiating from the 
center and distributed in a concentric rose petal pattern 
Figure 1. Barite rosettes from the Lucky 13 deposit. The 
rock is a sandstone and barite cements quartz grains and 
chert fragments . 
Figure 2 . Chert fragments and quartz cemented by barite 
occur in the Lucky 13 deposit . 
Plate 65 . Barite-bearing sandstone and conglomerate from 
the Lucky 13 barite deposit, Dierks District. 
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around each one of the two opposite poles of the rosette. 
Within the center of a rosette occurs usually an elongate, 
vug-like slit, or depression. 
The conglomerate fragments in the barite cemented 
conglomerate range up to several centimeters in length. 
The large fragments consist of chert. Small detrital grains 
also occur with the cement. Plate 65 shows the conglomerate. 
III 0 R I G I N 0 F T H E B A R I T E D E P 0 S I T S 
This chapter includes geometric, geochemical, and bio-
logical observations, and considerations in regard to the 
origin of the barite beds of Arkansas. The geometric obser-
vations are discussed first. 
The igneous rocks which occur in the Chamberlain Creek 
syncline together with relationships regarding the origin 
of textures and minerals in the barite beds are also included 
in this chapter. 
A Geometric observations in the barite beds 
The geometric observations to be discussed include 
petrographic and fabric studies of the large and small scale 
features in the sediments together with observations of the 
mineral composition and mineral textures. Some of the fol-
lowing details on sedimentary features are described for 
the first time in papers by ZIMMERMANN & AMSTUTZ, 1961, 
1964a, and 1964b. None of the previous papers on this barite 
belt pays any attention to sedimentary patterns. In the 
present thesis they are considered to be of distinct genetic 
interpretive value. 
The three basic geometric patterns of the barite beds 
in the Mississippian Stanley Shale of Arkansas are 1) con-
tinuous beds of variable thickness and grade, 2) lenticular 
and worm-shaped bodies, and 3) nodules o~ pure barite. 
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Several gradations occur between these patterns. Also, all 
three patterns may be closely associated locally. Large 
scale features containing barite layers, lenses, and nodules 
are presented first, and are followed by a discussion of the 
small scale features (10 em. to microscopic sizes) including 
barite nodules, lenses, and layers. 
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1 Large scale features in the sediments 
The barite-rich beds generally form lenticular bodies 
that may pinch out abruptly or gradually diminish in con-
tent of barite both horizontally and vertically. On a 
smaller scale, lens-shaped bodies occur within the large 
beds or lenses. 
Figure 1, Plate 66 shows the lens out of a barite bed 
near the top of the barite section at one end of the Hen-
derson deposits (unit 33, Section XV). This bed lenses out 
from a thickness of 45 em. to about 15 em. within a distance 
of about 5 meters. Within this lens is yet a smaller len-
ticular mass of about 1.2 m. long and about 25 em. thick. 
Figure 2, Plate 66 shows a small lens of massive 
barite on the south flank of the Chamberlain Creek syncline 
barite deposit. 
20 em. thick in 
This lens is about 1 m. long and is about 
its thickest portion. It is surrounded by 
thin beds of barite and shale. 
Lenses in very thin barite beds may be observed in 
hand specimens and range from a few centimeters to micro-
scopic sizes. 
Plate 67 shows the large-scale lateral distribution 
of barite nodules which may occur for many meters along the 
same stratigraphic horizon. 
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Figure 1 . Barite lenses from the upper part of stratigraphic 
Section XV (unit 33), Henderson deposit, Fancy Hill Di·strict . 
The beds are overturned in this section . The hammer rests 
on a smaller lens . See also Plate 93 for a geologic view in 
perspective of Section XV . 
Figure 2. Lens of massive, calcareous barite from unit 2, 
stratigraphic Section V of the Chamberlain Creek syncline . 
Plate 14 shows a photograph of a thin section of part of 
the len.s. 
Plate 66 . Barite lenses from the Chamberlain Creek syn-
cline and the Henderson deposit . 
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Plate 67 . Bedded barite nodules from the nose of the Cham-
berlain Creek syncline . 
2 Small scale features in the sediments -
10 ern. to microscopic sizes 
a Barite nodules. 
The barite nodules lie in shale or 
siltstone layers. Their shape varies from perfectly 
240 
spherical to oval or even sausage-shaped (see Plate 68). 
The top surfaces of most nodules are flatter than the more 
curved lower surfaces. Examples of this are shown in fig-
ure 25 and 26. The variation in the shape of the upper and 
lower surface is due to the effects of gravity on the nod-
ules during sedimentation and diagenesis. 
The barite nodules range up to 8 ern. in diameter. 
Most commonly they are about 1 ern. in diameter. '!'he largest 
barite nodules were found at the Gap Mountain deposit (p. 
176) and at the Eagles Nest deposit (p. 211). At Gap 
Mountain the largest nodules occur at the base and at the 
top of the barite beds. 
(2) Distribution in the sediments. The barite nodules 
always occur in layers. Nodules of similar diameter occur 
along the same horizon (see Plate 68). Often layers con-
tain several horizons with nodules of different diameter 
occurring along various horizons. 
Abundant nodular barite layers usually occur with ar-
gillaceous layers in the outer parts of a barite deposit, 
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Figure 1. Bedded barite nodules from the nose of the Cham-
berlain Creek syncline. 
Figure 2. Bedded barite nodules . Note that nodules of 
similar sizes occur along the same horizon . Chamberlain 
Creek syncline. 
Plate 68 . 
syncline. 
Bedded barite nodules from the Chamberlain Creek 
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or where the barite is lean. Thick sections of dense, fine-
grained barite with little shale have few or no nodular 
barite zones. 
At Gap Mountain the nodular barite along the outer 
parts of the lenticular deposit that was examined (east 
and central part of the east cut, stratigraphic Section 
XI, and Section XII, respectively, p.l73) grades laterally 
into a thick section of dense barite to the west (Section 
XIII, p.l76). At Gap Mountain (Section XIII, p.l76), a 
zone of nodular barite and shale occurs above and below 
the section of dense barite beds. The Chamberlain Creek 
syncline shows similar relationships between nodular and 
dense barite beds and are discussed below. 
At the Chamberlain Creek syncline, the east end of 
the open pit at the nose of the syncline contains mostly 
layers of nodular and lenticular barite and shale. The 
part of the deposit toward the west end of the open pit 
(Section VI, p. 89) contains mostly layers of dense, fine-
grained barite. The Henderson deposit (p. 186) shows the 
nodular barite to be interlayered with thick layers of 
lenticular barite. The mode of formation of the nodular 
and dense barite beds is discussed below on p. 252 and p. 268. 
(3) Mineralogy and texture. The barite nodules contain 
barite, quartz and pyrite. The barite may occur either in 
the granular state or as radial crystalline wedges as shown 
in Plate 69. Each individual bend on the outer corrugated 
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Plate 69 . Cross-section through a barite nodule which shows 
the relationship between the surface corrugations and the 
radial crystalline wedges . Thin section 1, upper part of 
barite beds, stratigraphic Section VII, Chamberlain Creek 
syncline . Mag . 3SX. 
surface corresponds to one individual barite grain. 
In general, the granular barite occurs in egg-shaped 
nodules. 
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The radial barite wedges grow from the outer periphery 
inward. Two types of nodules occur: those with wedges 
along the periphery, and those with radial wedges from the 
periphery to the center of the nodule. 
The nodules with radiating barite wedges throughout 
the nodule occur mostly in clayey or sandy sediment. Such 
sediment shows absence of textures which would result from 
lateral movement during sedimentation or early diagenesis. 
Nodules with peripheral development of radial barite wedges, 
or no radial barite wedges, always show sedimentary move-
ment in both the nodules themselves and neighboring sedi-
mentary layers (see Plate 70). 
When the radial barite wedges do not extend all the 
way to the center of the nodule, the interior parts of the 
nodules contain granular barite and quartz. In many cases, 
the grain sizes are zoned, with the finest grains toward 
the center of the nodule. 
Pyrite is often concentrically zoned in a barite 
nodule (as also in some barite layers) with the pyrite 
occurring in the center of the nodule or in a shell inter-
mediate between an interior of barite and a periphery of 
barite (see Plate 71). Pyrite may ~lso occur finely dis-
seminated only in the bottom part of the nodule which sug-
gests a separation of pyrite and barite due to specific 
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Plate 70 . Barite nodules and lenses in shale. Note that 
the nodules have crystalline wedges in thei r outer parts . 
One lens is broken and another is folded showing that move-
ment has taken place . Thin section 4-17a from unit 17 of 
barite Section VII of the Chamberlain Creek syncline open 
pit. See also figure 22. Mag . 4X . 
, 
)~ 
Figure 22. Broken barite nodule (a) and folded 
hairpin lens (b)~ Compare with Plate 70. A 





Plate 71 . Barite nodule with granular interior. Thin sec-
tion 3, from upper part of the barite beds, Section VII, 
Chamberlain Creek syncline. Mag. 60X. 
gravity difference. 
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Barite nodules occurring in beds with 
abundant pyrite usually also contain more pyrite than is 
usual, suggesting contemporaneity of pyrite and barite. 
Quartz occurs most abundantly in granular barite 
nodules. Various textural patterns occur, the most common 
of which consists of quartz and barite grains in which 
many of the quartz grains have euhedral to subhedral form. 
(4) Relationship to bedding. Many barite nodules and the 
local bedding show geometric patterns typical of deposi-
tional sedimentary features. These patterns are clear 
evidence for the primary depositional origin of the barite. 
BRUNO SANDER has used the term geopetal for these geometric 
patterns which are standard criteria for top-bottom dis-
tinction in sedimentary petrology. 
Plate 72 shows one of the nodules resting on a lower 
nodule which is broken and the broken part moved slightly 
to the left. The trend of the sediments around the nodules 
as well as the breakage are typical depositional and dia-
genetic gravity geopetal features. Micro-crossbedding 
occurs at the bottom of the same figure. 
Figure l, Plate 72 illustrates the polar, depositional 
nature of the bedding in the vicinity of the nodules even 
better. Two cases may be distinguished. In the first case, 
only a small portion of the nodule is depressed into the 
underlying sediment. In this case a wedge of indistinctly 
bedded sediment rests on both sides of the nodule. This 
Plate 72. Barite nodules in silty shale. Note the tri -
angular wedge of indistinctly layered sediment along the 
side of the upper barite nodule. Sample from Section VII, 
Chamberlain Creek syncline . Mag. 4X. 
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wedge is a polar or geopetal feature, because it has always 
the same top-bottom orientation. In the second case, about 
half of the nodule is depressed into the underlying sedi-
ment. In this case the wedge is only faintly present, but 
the curvature of the top beds is, as a rule, distinctly 
different from that of the bottom beds. 
Some nodules have protuberances or extensions beyond 
the normal curved surface of the nodule. In the case where 
the protuberance occurs on the bottom of the nodule, the 
underlying sediment is often tightly bent or squeezed. In 
the case where the protuberance occurs on the top of the 
nodule, the overlying sediment ends gradually along the 
side of the protuberance or curves gently over it. 
Local bedding around the nodules often contains fine-
grained baritic laminae. As seen in the upper part of 
figure 2, Plate 73, these laminae often contain a core of 
granular pyrite. Here we have another distinct geopetal 
feature: if one of these baritic laminae overlies two 
neighboring nodules, the upper part is essentially hori-
zontal, whereas the lower part fills the V between the 
nodules. This can be seen in two places (left of center 
in lower half, right of center in lower half) in the fig-
ure. This is one of the typical polar and therefore geo-
petal features. 
The sedimentation features just described could be 
called 11 static depositional features 11 , because they display 
only a vertical polar vector. 
Figure 1 . Barite nodules in shale . Specimen from the 
upper part of the barite beds, Chamberlain Creek syncline, 
Section VII . Mag . 4X. 
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Figure 2 . Barite nodules in shale . Note that the baritic 
laminae in two places has sagged between two nodules from 
above . Sample from unit 17, Section VII , Chamberlain Creek 
syncline. Mag. 4X. 
Plate 73 . Photographs of thin sections with barite nodules 
in shale from the Chamberlain Creek syncline . 
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A second type of feature displays patterns whose 
origins cannot be visualized without assuming some hori-
zontal movement in the unconsolidated state. In addition 
to the vertical gravity vector, a horizontal vector of move-
ment is responsible for the patterns observed in hand speci-
mens. 
(5) Formation of nodules. In the Chamberlain Creek syn-
cline, the nodular barite layers with shale at the nose of 
the syncline, and the thick section of dense, layered 
barite to the west may have formed on the ocean bottom, 
each at different places relative to the shoreline, or rela-
tive to the depth in the basin in which the various barite 
types could form. RICHTER-BERNBURG (1955) show in the case 
of anhydrite deposits that the nodular anhydrite with shale 
forms in deeper parts of the basin than the sections con-
taining dense, layered anhydrite. 
The barite in the Chamberlain Creek syncline may have 
formed in a basin and near the shore. This is indicated 
by the abundant plant fragments in the black shale and by 
the presence of the trails of a burrowing organism identi-
fied as Scalarituba, which lived in shallow marine or 
brackish water, or perhaps in an estuarine environment. 
The sedimentary slump structures in the Chamberlain 
Creek syncline barite beds (see Plate 12) occur in places 
where accumulation may have been rapid, because of the 
abundance of barite relative to clastics in the barite 
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section with the structures. Because the barite accumulated 
so rapidly here, the beds were more subject to sliding and 
slumpage by gravity effects. These areas were also more 
subject to near shore or shallow water current action than 
the accumulations in the deeper, quieter, areas where the 
barite nodules accumulated with clay. 
According to JONES (1887) barite nodules associated 
with aluminum silicate mud were obtained during a trawling 
operation off Colombo, Ceylon, at a depth of 1,250 meters. 
The nodules are dull light grey, irregularly rounded 1 to 
4 inches long and 1~ to 3/4 inches in thickness, and con-
tain a confused mass of spherulitic aggregates of radiating, 
fibrous, barite with the remains of Foraminifera and Radio-
laria disseminated throughout the mass. 
b Barite lenses. 
(1) Shape and size. Figure 1, Plate 74 shows a bedding 
plane with small dark lenses which are 2-3 em. wide. The 
individual lenses are partly isolated and partly coalescent, 
exhibiting an irregular worm-shaped pattern. The shapes 
and sizes of the lenses in figure 1, Plate 74 are the most 
common. Figure 2, Plate 74 shows another type of pattern, 
also from an outcrop near the nose of the Chamberlain Creek 
syncline. 
Barite lenses may have humpy upper surfaces due to 
thick accumulations of barite, but most often show sags on 
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Figure 1 . Barite lenses on the surface of a bedding plane 
showing a worm-shaped pattern . Outcrop at nose of Chamber-
lain Creek syncline . 
Figure 2 . Concentric, triangular, and polygonal - shaped 
bodies composed of barite exposed on the surface of a bed 
of baritic shale. 
Plate 74 . Patterns of barite lenses along the surfaces of 
bedding planes from the Chamberlain Creek syncline . 
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Figure 1. Bedding plane with numerous nodules and lenses 
of barite . The lenses are often lined up in an en-echelon 
arrangement and form Circular and curved patterns (compare 
with MERO, 1962, figure 3 which shows similar patterns with 
manganese nodules on the present day ocean floor, reproduced 
below as figure 2). Such patterns may gradually develop as 
a result of micro-seismicity during sedimentation and dia-
genesis. 
Figure 2. Mangan e se nodul e s on t he sea floor from longi -
tude, l65°29'W, la t i t ude, 10°02'N. After MERO (1962) . 
Plate 75. Bedding plane with nodular barite patterns from 
the Chamberlain Creek syncline and a comparison with pat-
terns of manganese nodules on the present day ocean floor. 
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Plate 76 . Barite nodules, lenses, and layers in siliceous 
shale from unit 5 , Section XV, Henderson deposit, Fancy 
Hill District (thin section FHW- 5). Note the numerous gee-
petal features in the nodules, layers, and lenses, which 
consist of tapered lower surfaces, and nearly flat upper 
surfaces. These are the result of sagging during sedimen-
tation and diagenesis . Several examples from Plate 76 are 
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Figure 23. Gcopetal features in barite layers, lenses, 
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and nodules consisting of tapered, and sag~ing lo~Jer surfaces, 
and nearly flat upper surfaces from Unit 5, 3-3ctinn XV 1 ;:cn-
dcrson deposit, Fancy Hill District. Sec also Plate 76 • 
Upward bulging layers, lenses, and nodules may be due to lncal 
thickening during accumulation, and/0r to inabilit,y to sag 
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Figure 25. Fragments of barite broken from par~ly 
consolidated layers of other barite forms are ~om­
monly observed to sag into barite layers such dS is 
shown in 1). The abrupt change in cnrvoture that 
occurs at the lateral margin of the b .... rite nodul•~:s 
(finger tip ends) is shown in figures 2), 3), and 
4). The lower parts of the nodules commonly show 
a downward sag. The l;•teral mar";ins 'lre cor:1monly 
steep and show a sh:::trp .hnv tu .• ~e i ~~h · upp~r sv-::--
face. It is :.uggcs'- · .4 tha·;-. t;. ~ 01 •. •cs u.l i .. "; re-
;:;I._;_L of scttl:.1.ng and C'")r.J.pact~.: -:,,. ,· l of ~:-:.c C'X-
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Figure 26. Layered barite with :1 ::1:~,:--:' -,-?; -~ 
surface and a nearly flat lower surfnce iu shonn 
in 1). Similar relationships are sho~n in lenses 
2) and 3) and upon examination of ends of tho lenses 
we see the rather common finccr tip or cookiD~-pot­
with-cover form which are also shown in 4) n, b, c. 
A lens approachine the nodular shape tcccther ~ith 
finger tip ends are sho~n in 5). Acain, in 6) we 
sec the humpy upper surf'ucc~ of a lens ::;:~~:--:;J:-1"", into 
a buri te layer.. The finger tip end on th(~ left side 
is slightly developed. l!:xnm_()le s from Clla:.lherlain 
Creek syncline, Section VII (section in middle of 
pit ) , unit 17 • 
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the lower surfaces due to the effects of gravity during 
sedimentation and early diagenesis. The terminations of 
the lenses in vertical cross-section often show curved 
lower surfaces and nearly flat upper surfaces similar to 
the shape of a finger tip as shown in figures 23, 24, 26, 
and in Plate 76. This feature which occurs along the ends 
of the lenses and often nodules is likewise the result of 
the effects of settling due to gravity. 
(2} Distribution in the sediments. Barite lenses occur 
in layers and are associated with layers of barite nodules 
and shale. That is, barite lenses occur in the same part 
of the deposit as barite nodules. Barite lenses occur 
sparsely in dense, thick sections of layered barite. 
Barite lenses often exhibit patterns in the sediments which 
can only be explained as a result of horizontal movement 
before and during consolidation. These patterns include 
the abundant step-like or en-echelon patterns of barite 
beds with or without associated folds and corrugations of 
the associated shale layers as shown in Plate 30. Figure 
22 shows a completely overturned lens. In addition, in 
shaly barite layers which exhibit flowage patterns, the 
barite lenses are often oval to flat, suggesting flatten-
ing during the microtectonic lateral movement. These flat-
tish lenses of granular barite might be called micro-pressure 
lenses. 
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(3) Mineralogy and texture. Barite lenses consist mainly 
of barite, quartz, pyrite, and calcite. The quartz, pyrite, 
and calcite contents vary. Quartz is most often more abun-
dant than pyrite or calcite. Barite lenses rarely have 
radial barite wedge development. 
Nodules are observed to grade into lenses~ the barite 
in such lenticular bodies is entirely granular whereas the 
nodules show radial, or radial and granular texture. 
( 4 ) Relationshi£ to the bedding. Barite lenses show similar 
relationships to the surrounding sediment as nodules show 
to the surrounding sediment. That is, burial and compaction 
features occur (see Plate 23). Barite lenses most often 
occur associated with sandy, silty, or clayey sediment. 
c Barite layers. 
( 1 ) Shape and size. Barite layers most often have flat 
upper and lower surfaces when the successive, interbedded 
shale layers remain consistently thin and consist only of 
shale. Wavy, lenticular layering usually occurs at the 
top of a barite layer when the shale layer becomes thicker 
and is, itself, interlayered with barite lenses (see Plate 
22, and figures 27, 28, 29). 
Barite layers range in thickness from a fraction of a 
mm. to 60 em. (Section XV, unit 5, Henderson deposit at 
Fancy Hill, and the section at the north flank of the 
_j __ . 26 3 
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:I!""'igure 2 7 • Texture of the "wavy bedded barite" 
from the south flank of the Chamberlain Creek 
syncline. The rock consists of barite (dotted) 
and shale. Folds with nearly horizontal axes 
occur indicating flowa~e during diaeenesis and 
that lateral movement lleft to right) occurred in 
the sediment.while still plastic. 
... :t. 
1. 5 em. 
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Figure 28. Texture of the wavy bedded barite from 
the south flank of the Chamberlain Creek syrwlinc. 
Here are shown a few of the manifold slump ~'c; · t, >:· :o; 
which give the "wavy" appearance to the W<~vy bedded 
barite type occurrinG in the Chamberlain Creek syn-
cline. The features are apparently due to the dis-
ruption of thin barite layers and lenses in relatively 
thick shale layers from the weicht of ovcrlyinc, r· l-
atively thick but dcnoe barite lnJ'cr<>. Gravity sini<:-
ing of barite layers also tnkes place. Al~o, the 
"wavy" type of barite consists mostly of nearly pure 
barite layers and lenses and barite-free !'::>nlc. 11 hcse 
differences in content cause ztrong differences in 
density, viscosity, etc. of the sedi:.<ent. .L. .cause 
relatively thick shale layers occur between the pure 
barite, it is suggested that one of the followinc 
occurred during sedimentation: 1) rate of deposition 
of clay increased, or 2) definite periods of bnrite 
deposition and relatively lancer inter~cdiate pcriodu 
of non-barite deposition (decreased rate of barite 
deposition). 
I, 
__ 1 ..... 
-==· .... , ·::::::.~-. =:z::r::::!~===s-~ ·' ""f--=yf::. 
-=--)· 
... 
---...:...---:......:,~ . ' . . 
c . . . :::. 0 0 0?. ----.---·-·-·-·-· ----
Figure 29.Texture of the "wavy bedded barite" from 
the south flank of the Chamberlain Creek syncline. 




Chamberlain Creek syncline, Section X, unit 9). In the main 
layered zone of the Chamberlain Creek syncline deposit, the 
layers range most commonly from 0.5 em. to 1.5 em. thick. 
(2) Distribution in the sediments. Wherever layered barite 
occurs in greater abundance relative to clastic material 
such as silty shale, it forms the bulk of the barite occur-
renee. In this case, lenticular and nodular barite are al-
most absent. Where dense barite and barite-shale laminae 
occurs, the barite deposit is near or at its thickest part 
and the ore is high grade. Shale forms only very thin, 
continuous seams. 
A section of barite layers is usually overlain and 
underlain by barite nodules and lenses in shale. A grada-
tion of barite into clastics occurs. In the lower part of 
the barite section west of the west wall of the Chamberlain 
Creek syncline (Section VI) where barite nodules are almost 
absent, the barite is very thinly interlayered with black 
shale. 
(3) Mineral~y and texture. The minerals contained in 
barite-rich layers include quartz, chalcedony, calcite, 
and pyrite. Quartz is usually more abundant than pyrite 
and calcite. 
Quartz and barite form various textural patterns to-
gether. The three common patterns are: 1) isolated quartz 
patches or quartz crystals or grains surrounded by barite, 
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2) abundant quartz where the quartz may form a web or moss-
like fabric between the barite, and 3) where the quartz 
occurs as densely packed, but isolated grains. With regard 
to the distribution of three texture types, a similar tex-
ture usually follows a stratigraphic horizon. 
These textures suggest that the quartz and barite are 
contemporaneous and were deposited as a normal sediment in 
layers. 
One thin section illustrates various textural patterns 
occurring in the same slide. They are the final product of 
crystallization, but show what are believed to be the vari-
ous stages of crystallization of quartz and barite, depend-
ing on their relative abundance within a particular area. 
One part of the thin section shows abundant quartz which 
forms a web-like fabric, and which represents the fabric in 
the early stages of crystallization. Another part shows 
later stages. Other parts show individual crystals. The 
previous stages may be considered to be the earlier stages 
of crystallization of the particular crystals. Various 
stages of crystallization could be considered to exist 
between the first described web-like fabric and the later 
described individual crystals. These later individual 
crystals usually have barite inclusions and parts which 
are not entirely idiomorphic or did not quite reach the 
last stage of crystallization. 
Barite layers are 
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conformable with the bedding of shale, siltstone, etc. 
layers, barite lenses, carbonate layers and other sedimen-
tary constituents. This relationship exists in folded 
strata, non-folded strata, and the numerous occurrences of 
sedimentary and diagenetic flowage features. 
As shown in Plate 77, a baritic siltstone with micro-
basins occurs in the upper surface of a barite layer which 
are filled by clastics. 
Plate 58 shows a barite layer (white) the end of which 
curves in a swirling fashion into the neighboring (dark) 
barite. The entire mass forms a dense, finely granular 
barite bed. The white bed (nearly pure, finely granular 
barite) which was partly consolidated, flowed within the 
less consolidated dark barite (quartzitic barite) and pro-
duced the flow features shown. Plates 78, 79, and 80 are 
additional examples of folded and faulted layers in the 
barite beds. The folded and faulted patterns shown in 
Plates 79 and 80 cannot be visualized without assuming 
some horizontal movement in the unconsolidated state. In 
addition to the vertical gravity vector, a horizontal vee-
tor of movement is responsible for the patterns. 
(5) Origin of layering in the layered barite. The lay-
ered barite may form at different ocean depths and at 
different positions in the basin (distance also from a 
possible shoreline) than the nodular and lenticular barite 




Plate 77 . Note the thick dark layer in the middle of the 
lower half of the photograph . This layer of siltstone fills 
the depressions in the barite (white). The top surface of 
the siltstone is flat . Specimen from unit 18, Section VI I , 
Chamberlain Creek syncline . Mag. 3X. 
Plate 78. This upward bulge occurs in flat-lying barite 
layers. Thin section GM(l) from the upper part of the 
barite section at Gap Mountain. Mag. 3X. 
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Plate 79. Folding of a barite layer {white) and shale . 
These folds probably resulted early during diagenesis when 
the rock material was still quite plastic. Thin section 
4-20-1 from the Chamberlain Creek syncline, Section VII, 
unit 20 . Mag. 3X. 
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Plate 80. In traformational thrust may have been caused by 
progressive loading of sediment from right to left (see 
MCKEE, et al. (1962, p. 153). Thin section 4-16-2, Cham-
berlain Creek syncline, unit 16, Section VII. Mag. 3X. 
of the various barite types in different locations in a 
deposit where either one type (i.e., nodules, lenses, or 
layers) is more abundant. As shown by RICHTER - BERNBURG 
(1955), anhydrite also occurs in the form of nodules and 
dense layers. In this case, the anhydrite nodules occur 
with clay in the deeper parts of the basin. 
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B Geochemical and biological_Qbservations 
and considerations 
The numerous top-bottom and diagenetic features 
described and pictured in the previous sections suggest 
that the pyrite and barite are contemporaneous with the 
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enclosing sediments. Barite lenses and nodules most often 
have similar abundances and types of pyrite as the non-
baritic matrix sediments. Pyrite is more abundant in the 
barite-bearing beds than in adjacent clastic beds. 
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The various forms of pyrite include the following: 
1) pyritospheres, 2) individual crystals, 3) pyrite-filled 
organic structures, and 4) minute disseminations. All of 
the forms occur in the shale, silt, and barite beds and 
often occur together. 
dant. 
The pyrite spheres are the most abun-
The pyrite spheres average 20 microns in diameter, and 
range from a few microns to 0.1 mm. in diameter. They are 
composed of minute pyrite cubes from a fraction of a micron 
to several microns in diameter (see the shape chart, Appen-
dix 2 where I have included charts showing cross-sections 
through cubes to aid in the determination of pyrite crystal 
forms). The crystals are often arranged side by side. in 
rows in an orderly pattern around the sphere. The pyrite 
spheres occur in layers parallel to the layering of the 
sediments. In barite beds they are sometimes lined up and 
appear to follow a pattern as shown in Plate 81. The pyri-
tospheres occur in all forms of barite. 
Similar pyrite spheres have been found in both com-
mercial and non-commercial sulfide deposits (LOVE (1957, 
1961), RAMDOHR (1960), EHRENBERG, et al. (1954), KRAUME 
(1955), SEIFERT (1952)). LOVE (1961) dissolved the pyrite 
from the pyritiferous spheres of the Mount Isa Shale 
deposits of Australia and found the residues to consist of 
a cellular, spherical form of organic or carbonaceous 
Plate 81 . Pyrite spheres occurring in granular barite and 
quartz (note the idiomorphic shapes of quartz grains) . 
Thin section 49. This barite layer lies above the baritic 
siltstone described on p . 77 of the Chamberlain Creek syn-
cline. Mag. 250X. 
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matter. Similar residues were also derived from pyrite 
spheres from recent sediments (LOVE (1963)). According to 
LOVE, who examined samples from the Arkansas barite deposits, 
the pyrite spheres occurring in the barite beds are similar 
to those which were examined from other deposits. The py-
rite spheres may be the result of precipitation of iron 
sulfide by organic matter during the time of sedimentation. 
Plates 18, 24, and 59 show organic structures in barite 
nodules and lenses in which pyrite and barite have replaced 
the fossils. 
The largest forms of pyrite are cubes. They range up 
to 0.5 em. in diameter, but are most often from a few 
microns to 30 microns in diameter. Much smaller cubes (up 
to 10 microns) are abundant in places. Some cubic forms 
have partially developed octahedral faces. Pyrite cubes 
commonly have elongated fiber quartz and barite crystals 
which project from the cubic faces at right angles to the 
faces. The quartz and barite crystals are longer in the 
directions parallel to the bedding or at a small angle with 
the bedding. 
The iron sulfide is formed in the reducing environment 
of the ocean bottom. In this environment the reduced states 
of sulfur and iron ions are formed by bacteria. The devel-
opment of iron sulfide will depend upon the abundance of 
ions and possibly on the abundance of organic material 
available. In the overlying oxidizing portions of ocean 
water, sulfur, and iron ions also occur in minute quantities 
278 
in their reduced states. It is only necessary that an 
oxygen-free environment be maintained at the ocean bottom 
where the accumulation of sulfide and iron ions take place. 
Plant fossil material which is present in the section may 
have depleted the oxygen on decay. 
2 Barite 
The materials and fabric of the rock with which the 
barite is associated may be factors related to the forma-
tion of the barite. Several helpful observations regard-
ing the origin are: 1) presence of hydrogen sulfide 
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(H2S) gas in abundance , 2) shallow water (shallow marine 
or brackish water, perhaps estuarine), depositional en-
vironment, 3) radiolarians, 4) organic debris, 5) black, 
shaly or clayey sediment, 6) rhythmic or cyclic precipita-
tion of barite, and 7) increased amount of pyrite with 
barite sediment (indicates that conditions favorable for 
barium sulfate (Baso 4 ) precipitation increased the favor-
ability of the environment for iron sulfide precipitatio~. 
Several of the prevailing circumstances during sedi-
mentation noted above might result in the following: 
1) local environments of high so 4 ion content upon oxi-
2) abundance of H2S-producing organisms 
living in a reducing environment and feeding on a substan-
tial supply of vegetative debris, 3) non-uniform con-
ditions resulting from fresh water entering sea water, 
4) relatively low solubility of barium sulfate in shallow 
and brackish water, and 5) possible cold and warm water 
currents affecting solubility product of barium sulfate. 
Several points are very important. These include the 
following: 1) presence of H2S gas in the Baso 4 rock, and 
2) association of barite and pyrite. 
280 
The association of barite and pyrite in barite deposits 
shows that they form together and may exist together in the 
same environment. In Arkansas, an increased amount of Baso 4 
over clastics is paralleled by increased pyrite content. In 
Meggen the lower part of the entire deposit is underlain by 
several centimeters of pyrite nodules. In the oval-shaped 
pyrite deposit (central part) the pyrite far exceeds the 
barite in abundance. This is explained as being due to most 
of the H2s remaining in a reducing environment where most of 
it was converted to pyrite. In the barite (outer periphery) 
deposit, most of the H2s was oxidized, probably in a deeper 
or shallower part of the basin and formed Baso 4 • 
The barite is believed to have formed by precipitation 
in a high sulfate environment. Such an environment may 
exist near the sea bottom where hydrogen sulfide is being 
oxidized. Practically all barite samples which were 
examined showed that hydrogen sulfide gas is contained as 
inclusions in the barite. The trapped hydrogen sulfide is 
due to the settling of the barium sulfate to the bottom to 
form a mud. The hydrogen sulfide is in the barite because 
it has never escaped. 
The region of high sulfate content apparently occurs 
where the hydrogen sulfide gas rises into sea water con-
taining free oxygen in an oxidizing environment. Each spot 
where hydrogen sulfide gas is being oxidized to sulfate is 
a local area of higher sulfate content. 
The reason for the precipitation is that the sea water 
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was nearly saturated with barium sulfate. That is, by a 
rise in sulfate content the barium ion content in solution 
is lowered with the difference being precipitated as barium 
sulfate. 
Recent analyses of sea water samples at various depths 
in the Pacific Ocean by CHOW and GOLDBERG (1960) show that 
the barium concentration increases with depth. From the 
surface to a depth of 5000 meters, the increase in concen-
tration is 5 fold. Surface measurements at 2 stations 
showed a concentration of 10 )Ug/L. Measurements at 4392 
meters showed a concentration of 63 /Ug/L. 
According to CHOW and GOLDBERG (1960) for a sulfate 
ion concentration of 28 mM, a solubility product of 1 x 
10-lO at 25°C and 1 atm. for Baso 4 , a dissociation constant 
of 0.005, and an activity coefficient of 0.1 for barium 
ions and an activity coefficient of 1.0 for undissociated 
barium sulfate, the concentration of barium in sea water 
at the surface is 52 JUg/L with 5% of the barium in the un-
dissociated form. 
According to CHOW and GOLDBERG (1960) the decrease in 
temperature with depth lowers the solubility product and 
the increase in pressure with depth increases the solubility. 
The effects due to temperature are greater than the effects 
of pressure for the upper 1000 meters so that the solubility 
product is at a minimum at 1000 meters depth. Considering 
temperature alone and at 1 atm., a change of temperature 
0 0 0 from 25 C to 0 C (about 4 C at about 1000 meters) results 
in a decrease of the solubility product by over a factor 
of 2. 
The few measurements of barium concentration in sea 
water which have been made vary widely. The measurements 
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in the Pacific Ocean show that the surface is under-satu-
rated in barium sulfate but that saturation may take place 
with depth. 
The increase of barium concentration with depth and 
the lowering of the solubility product from the surface to 
about 1000 meters suggests that the normal temperature, 
pressure, and solubility product conditions make it possible 
for barium sulfate to precipitate. 
Bacterial activity may also enter into the formation 
of barite and pyrite since certain bacteria which will be 
described below participate in the sulfur cycle. 
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Various types of bacteria of the sulfur cycle may be 
responsible for the precipitation of barite and pyrite in 
the deposits discussed. RANKAMA and SAHAMA (1950, p. 750) 
state: 
11 There are at least 3 kinds of micro-
organisms which have a role in the cycle 
of sulfur, viz., the autotrophic bacteria, 
which oxidizes sulfides to sulfates in the 
anaerobic sulfate-hydrogen sulfide phase 
called sulfuretum~ the sulfate-reducing 
bacteria, which reduce sulfates to sulfides7 
and the heterotrophic bacteria, which pro-
duce hydrogen sulfide from some organic com-
pounds, e.g., proteins (Galliher, 1933)." 
During bacterial activity deoxygenation takes place. 
GARRELS (1960, p. 203) states: 
"In environments containing organic matter, 
biochemical reactions quickly remove oxy-
gen, commonly with marked increase in 00 2 , and with production of H2s. The influence 
of bacteria is paramount, and deoxygena-
tion tends to be accompanied by pH lower-
ing as co 2 and H2s are generated." 
According to ZOBELL (1946, p. 505): 
"Dissolved oxygen is the chief factor respon-
sible for oxidizing conditions. The studies 
of Allgeier et al. indicated that the redox 
potentials in lakes are controlled by dynamic 
factors which are in a state of flux and not 
by static agents. The implication is that 
heterotrophic micro-organisms which utilize 
organic matter are the activating dynamic 
agents. According to the extensive litera-
ture reviewed by Hewitt (1936), the tendency 
of actively metabolizing heterotrophic bac-
teria and allied micro-organisms is to lower 
the Eh of the medium in which they are grow-
ing. Sulfate-reducing bacteria were found 
by Aleshina (1938) to cause the 0/R of media 
to drop from an initial Eh value of near 
zero to as low as -0.340 volt. Both py-
rites and calcium polysulphides produced 
during the reduction of sulphates tended 
to create reducing conditions." 
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Many bacteria have been described which produce hydro-
gen overvoltages or which reduce the medium to Eh values 
more negative than -0.421 volt at pH 7 and 30°C. The re-
ducing conditions are attributed partly to the presence of 
hydrogen sulfide which results from the bacterial decom-
position of sulpha-proteins or the reduction of sulfates. 
Bacterial activity on organic matter is believed to be the 
principal factor in consuming oxygen and creating reducing 
conditions, and as far as is known, hydrogen, hydrogen 
sulfide, and methane are produced only under anaerobic 
CD ndit ions or at a low Eh. 
The Eh-pH ranges of the thiobacteria, heterotrophic, 
and sulfate reducing bacteria, and various geological en-
vironments are shown in figure 30. The data is from BAAS 
BECKING, et al. (1960). The red-colored areas show the 
region where the pH-Eh conditions existing during reduc-
tion, and the pH-Eh conditions existing during oxidation 
of (SH-) or free H2s may be only very slightly different 
from one another and where a transition in Eh and pH could 
occur between the actual conditions existing where the 2 
different processes are taking place. 
The Eh-pH range which may exist during formation of 
pyrite is shown in figure 31. The Eh-pH ranges shown in 

















Figure 30 • The .t:h-pH ranges of the thiobacteria, 
heterotrophic and sulfate reducing bacteria are .s~H'lV:n 
together with the Eh-pH ranges in open sea seciirr.ents, 
sea water and marginal marine sediments. After BAAS 
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Figure 31 . Field of formation of pyrite and 
other iron sulfides in evaporites.· f,fter BAAS 
BECKING, Jll. al., 1960. 
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may be used as evidence to account for the close association 
of barite and pyrite, and for the presence of barite in py-
rite nodules at Meggen, and pyrite in barite nodules at 
Arkansas. The layering relationships occurring between 
barite and thin seams of shale may also be accounted for 
through definite periods of biological activity and are 
discussed below. 
The very consistently similar thickness of several 
meters of barite layers, usually with a thickness of 1 or 
2 ern. with thin intermediate shale seams, sugge·st that a 
similar time interval has lapsed during deposition of one 
set of barite shale layers to the next overlying set. Each 
set of layers may correspond to a yearly rhythm in which 
the rate and type of biological activity varied throughout 
the year but was similar from one year to the next during 
certain times of the year. The occurrence of calcite in 
the same part (top of each barite layer from lower part of 
Chamberlain Creek barite section) of each layer also indi-
cates similar chemical-physical conditions existing during 
formation of the same part of different rhythms. Photo-
synthesis by algae will remove carbon dioxide, either as 
H2oo 3 or as HC0 3 from the sea water solution, thus in-
creasing the pH. In sea water and in fresh water contain-
ing much calcium, photosynthesis will, by shift of the 
bicarbonate-carbonate equilibrium, often cause the precipi-
tation of calcite (BAAS BECKING, 1934, in BAAS BECKING, et 
al., 1960, p. 268). A lower concentration of co 2 also 
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causes the lowering of the solubility of Baso 4 • The trans-
ition of calcite to barite in each rhythm may be the result 
of the fluctuating co 2 concentration, the calcite being 
formed during the warm summer months followed by Baso 4 
precipitation also during the warm summer months. 
the cold months the thin shale layers would form. 
During 
Cold 
water increases the solubility of 00 2 but decreases the 
solubility of Baso 4 and the activity of algae. The rela-
tionships between sulfate reducing or H2 s producing bacteria, 
and organic matter, and iron is considered below as one of 
the steps toward the formation of barite and pyrite. 
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4 The sulfate-reducing bacteria 
Sulfate-reducing bacteria are discussed in this section 
because an environment with these bacteria is favorable for 
the formation of pyrite and of sulfur for the formation of 
barite. 
In the reduction of sulfate by the sulfate-reducing 
bacteria these bacteria are in part constructed of sulfur 
compounds or cystin and cystein: R - S = S - R, where S 
is sulfur and R is the remainder of the organic structure. 
During the process, H2s is liberated. The sulfate-reducing 
bacteria are also denitrifying bacteria and nitrogen fix-
ation is carried out by these bacteria. It is unknown 
which reducing substances are responsible for this. 
The sulfate-reducing bacteria are heterotrophic bac-
teria and require organic matter, apparently to extract the 
available hydrogen in order to carry out the reduction of 
co 2 into cell material. Heterotrophic oxidation (respira-
tion) results in the conversion of organic matter into co 2 
and H2o. In order to reduce the sulfate, the sulfate-
reducing bacteria need reducing agents, namely inorganic 
hydrogen and organic hydrogen and probably carbon contained 
in the remains of plant and animal life. Pectin materials 
are found in estuarine muds in all stages of decomposition 
and it is believed that the pectinoids are the chief food 
for bacteria living in estuarine mud. Iron occurs in 
relatively large concentrations in organic matter and 
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this may result in a rapid formation of iron sulfides close 
to sulfate-reducing bacterial activity. According to BAAS 
BECKING and MOORE (1959, p. 457), experience with artificial 
muds has shown that sulfate reduction promotes the formation 
of compound structures between FeO(OH) and organic matter. 
The organic matter of natural water is incompatible with 
iron, the two substances separating out as a flocculent 
precipitate which may be an organic complex. Various muds 
including estuarine muds have shown that the quotient of 
organic matter over iron oxide content cannot be far from 
3. According to ROCHFORD (1952, in BAAS BECKING and MOORE, 
1959, p. 456) the organic content of estuarine mud ranges 
from 8.5- 19% with an average of 11.76%. Uranium and 
other metals may also form organic complexes with pectin 
derivatives. The proportion of 500 parts organic matter 
to 1 part uranium has been observed in uraniferous black 
shale in the United States (TOURTELOT, 1956, in BAAS 
BECKING and MOORE, 1959, p. 458). 
Ferrous ion forms by the reduction of ferric ion in 
a reducing environment. In order for the reduction to take 
place a reducing agent (in the sense that it may supply an 
electron), probably is available in the form of bacteria. 
In order to combine with H2s (or SH-) which is released 
from the bacteria, the ferric ion is apparently reduced by 
the electron from the bacteria so that H2s liberation may 
take place. Ferrous ion may also be formed by the action 
of other inorganic reducing agents in which the reduction 
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of ferric ion will take place at certain Eh-pH conditions 
(conditions at which the substances become reducing agents 
of ferric ion), and at the specific Eh-pH at which there-
action takes place. 
Iron sulfide is insoluble over part of the Eh-pH area 
covered by sulfate-reducing bacteria. The black, probably 
hydrated, iron monosulfide (FeS) becomes soluble at pH 
5.8 - 6.0, but the sulfate reduction continues at least to 
pH 4.2, as observed in a peat bog by BAAS BECKING and 
NICOLAI (1934, in BAAS BECKING, et al. 1960, p. 271). 
The H2 s formed by sulfate-reducing bacteria is used 
by other sulfur bacteria which results in the formation 
of sulfates. Since pyrite and barite are closely associ-
ated, and sulfate is an important constituent of barite, 
these sulfur bacteria are discussed below. 
5 Bacteria activi!Y in formation of sulfate 
£y chemoautQ!ropic sulfur bacteria (thiobacterial 
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In order to gain the hydrogen or electron necessary 
for the reduction of oo 2 to carbon, the sulfur of inorganic 
reduced sulfur compounds such as (SH-) or free H2s are oxi-
dized. The thiobacteria do not require visible light 
(which may be absorbed by pigmented cells containing chlor-
ophylls to perform a photochemical reaction as in the case 
with purple and green bacteria) to generate an active hydro-
gen. The thiobacteria also are not confined to the water 
surface as in the case with purple bacteria (water absorbs 
the infrared which is in the case of purple bacteria neces-
sary for their photosynthesis). The green bacteria, also 
photosynthetic, are confined to high pH's and low electrode 
potentials. 
The thiobacteria make use of the oxidation of sulfides, 
sulfur, thiocyanate, and thiosulfate. According to BAAS 
BECKING, ~! al. (1960, p. 271), Beggiatoa and Thiothrix 
oxidize H2s (or SH ) to sulfur, and sulfur to sulfates, 
while Thiobacillus also oxidize sulfur compounds of inter-
mediate oxidation states such as thiosulfate, and poly-
thionates. 
Table 4 shows the Eh-pH limits and ranges of the bac-
teria. 
In summary, pyrite and barite occur together in 
nodules, lenses, and layers. Pyrite can form only under 
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Table 4 
Milieu limits and ranges for various organisms 
Orsanism EH limits EH range Eh limits Eh range 
(mV) (mV) 
Algae 1.20-11.72 10.52 +630 -220 850 
(12.60) (11.40) 
Sulfate reducers 4.15- 9.92 5.77 +115 -450 565 
Purple bacteria 4.92- 9.75 4.83 +328 -230 558 
Thiobacteria 1.00- 9.20 8.20 +855 -190 1045 
Green bacteria 6.15- 9.78 3.63 + 7 -293 300 
Iron bacteria 2.00- 8.90 6.90 +850 + 60 790 
Denitri£iers 6.20-10.20 4.00 +665 -205 870 
Table 4. Eh-pH limits in which the various simple organ-
isms thrive. After BAAS BECKING, et al., 1960, p. 264. 
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reducing conditions, probably first as hydrated iron mono-
sulfide and the agents which bring about reduction, in con-
trast to the agents which may cause oxidation, are always 
organic or biological. Since the close association between 
pyrite and barite exists, the formation of barite is con-
sidered as resulting in part from biological activity. In 
order to cause a precipitation of barite, the content of 
++ 
either Ba or so4 must be increased over that prevail-
ing in normal sea water. The mechanism which produces the 
increase in sulfate is found in bacterial action from with-
in the sediment and the overlying reducing portions of the 
sea water. 
Figure 30 shows that pyrite and barite may form in an 
environment with the same prevailing Eh-pH limits. 
IV I G N E 0 U S D I K E S A N D D I K E L E T S 
A N D R E L A T I 0 N S H I P S T 0 T H E 
B A R I T E B E D S 
Igneous dikes and sills occur in the Chamberlain Creek 
syncline open pit (see Plates 89 and 90). The thickest body 
is a ouachitite dike which is 2 meters thick and which 
closely parallels the axis of the syncline along the south 
and west part of the pit. A thick (1 meter) sill which 
consists of a ouachitite very high in nepheline (meltei-
gite) occurs in the sandstone and shale section which over-
lies the barite along the west wall of the pit. Most of 
the dikes and sills are from 30 em. to 60 em. thick. 
The rocks are light green to greenish black and consist 
of ouachitite with various amounts of nepheline or oua-
chitite with various amounts of calcite. 
The various rocks have been grouped according to the 
relative amount of nepheline and calcite and are given 
below. 
a) Ouachitite, porphyritic, with coarse-grained 
groundmass7 no nepheline. 
b) Ouachitite, with essentially fine-grained 
pyroxene and blaCk biotite with minor calcite. 
c) Probably ouachitite like (b) but with 
spherulitic texture. Abundant calcite between 
spheres. 
d) Ouachitites, similar to (a) and porphyritic 
in some cases, with fine-grained groundmass and 
with nepheline. 
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e) Melteigite, with fine pyroxene groundmass and 
abundant phenocrysts of nepheline with varying 
degree of alteration of nepheline. The high con-
tent of nepheline makes this rock a melteigite. 
Rock type (e): Rock with fine pyroxene ground-
mass and abundant phenocrysts of nepheline with 
varying degree of alteration of nepheline. The 
high content of nepheline makes this rock a 
melteigite. 
Description: Thin section (22). Altered pyro-
xene phenocrysts (up to 2 mm. long) altered to 
magnetite, calcite, chlorite, or light green 
mica and forms about 5% of the rock. About 25% 
of rock of altered nepheline phenocrysts (up to 
3 mm. wide and avg. 0.8 mm. wide) and show re-
sorption effects. Nepheline altered to sericite, 
magnetite. Magnetite occurs as disseminations 
forming a ring near the periphery and near the 
center, and as poikilitic distribution through-
out the inner parts of the altered phenocrysts. 
One large altered nepheline crystal with anal-
cime, calcite, sericite, and biotite. Similar 
and more altered is thin section 5-11. A list 
of minerals follows: 
% Minerals 
25 Nepheline (mostly altered). 
30 Aegerine needles. 
10 Calcite. 
20 Weakly birefringent to isotropic, 
late groundmass mineral probably 
analcime. 
10 Titanomagnetite grains and skeletons. 
Quartz (?) crystals or cancrinite 
(?) up to 0.55 mm. long occur or 
cover parts of altered nepheline 
crystals. 
<1 Biotite. 
This rock has the largest amount of nepheline of 
the rocks examined. Exclusive of nepheline it 
appears as a ouachitite. The sill was sampled 
at another place. Thin section examination showed 
the nepheline phenocrysts to be more altered. 
Rock type (d): Similar to type (a) and porphy-
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ritic in some cases with fine-grained groundmass 
and with nepheline phenocrysts. 
Description: Thin section (57) from a dike in 
barite beds. Similar but with much more (up to 
20%) nepheline is thin section (43), also from 
a dike in barite beds, and which shows the con-
tact with barite. Porphyritic with fine ground-
mass. Titanaugite phenocrysts up to 3.6 rnm. long, 
euhedral, slightly altered to chlorite and calcite 
in places and constitute about 3% of rock. A few 
scattered nepheline phenocrysts up to 0.1 rnrn. wide. 
Groundmass: 
% Minerals 
40 Aegerine pyroxene needles most of 
which range from 0.1 to 0.3 rnrn. 
long. 
25 Mica, dark brown (about 0.09 rnrn. 
diameter) . 
3 Vermiculite and green mica. 
30 Analcime, fine-grained, very weakly 
birefringent, late groundmass. 
Magnetite in a few scattered grains. 
Brown biotite mica rimmed with green mica. The 
brown mica alters to green mica which in turn 
alters to vermiculite. 
Figure 1, Plate 82 shows a thin section of 
rock type (d) in contact with barite beds. At the 
contact and in the dike rock, there is a 0.15 rnrn. 
olive green, very finely crystalline aphanitic 
zone. This is followed by a very fine-grained 
groundmass surrounding small beads of faintly 
anisotropic brown material near the contact. 
Farther from the contact the brown beads coalesce 
into cauliflower forms. Still farther from the 
contact the brown material forms grains of sphene 
and biotite. The remainder of the groundmass 
also becomes coarser grained. 
Along the contact, and in the barite, the 
barite layers are upturned (see figure 1, Plate 
82). For a distance of 2 rnm. into the barite, 
the barite layers are "cleaner". Quartz appears 
to have concentrated in places into the clay lay-
ers. Barite grains are in this thin zone along 
the contact in places slightly coarser grained. 
Grains from one layer are 20 microns in diameter. 
Other barite layers appear to show similar very 
slightly larger barite grains very close to the 
contact. Some recrystallization has taken place. 
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Figure l . Contact between rock type (d) and barite beds. 
Note that the barite layers are upturned. Thin section 57. 
Mag. 3X. 
Figure 2. Contact between rock type (e) and barite beds. 
Thin section 43. Mag. 3X. 
Plate 82. Contact relations between igneous dikes and barite 
beds from the Cha.rnberlain Creek syncline. 
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In some cases the appearance of larger grains is 
due to the cleaning effect in which calcite and 
quartz no longer occur as irregular disseminations 
of varying size. 
In places along the contact calcite occurs 
surrounding barite grains in the thin inter-
granular spaces. Calcite farther from the con-
tact occurs as scattered patches. 
In one layer with large barite grains and 
radiating barite spheres, several large barite 
grains are broken at the contact. 
Figure 2, Plate 82 shows a thin section of 
rock type (e) cross-cutting barite beds. The al-
teration effects at the contact are very minor: 
1) Only very minor thin films of calcite in 
places as intergranular films around barite 
grains, and 
2) broken tabular barite crystals at the con-
tact. Tabular barite grains average 50 microns 
in length and about 25 microns in width: 
Plate 83 shows a thin section of a contact of 
rock type (e) with barite beds. In Plate 83' small 
fragments of granular barite from the barite beds 
occur near the contact in the dike rock. Altera-
tion does not occur in these fragments. 
Plate 84 shows the contact of dike rock in 
the baritic chert breccia bed. The contact with 
the barite shows truncation of two barite nodules 
and other members of the baritic breccia bed. 
There is no noticeable alteration effects in barite. 
Rock type (c): Probably ouachitite like (b) but 
with spherulitic texture. Abundant calcite be-
tween spheres. 
Description: Thin section (6-5) from a sill on 
the west wall of the pit. A few widely scattered 
phenocrysts of nepheline (about 0.3 mm. india-
meter) and altered to calcite, analcime, and seri-
cite. Remainder consists ~f a fine-grained ground-
mass. Spheres of darker green rock (spheres 1.5 
to 4 mm. dia.) surrounded by light green rock high 
in calcite. 
Spheres consist of the following: 
% Minerals 
60 Aegerine needles (about 0.15 to 0.2 
mm. long). 
10 Black mica or biotite (0.09 mm. dia.) 
Plate 83. Contact between rock type (e) and barite beds . 
N0te that fragments of barite are contained in the dike 
rock along the contact . Thin section 54 . The top of the 
photograph is the top of the specimen in the field. Mag . 
3X. 
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Plate 84 . Contact between igneous dike rock and baritic 
chert breccia . Note that a barite nodule is truncated 
along the contact. Thin section 56 . Mag. 3X. 
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% Minerals 
which occur also as crosses. 
20 Analcime, weakly birefringent, late 
groundmass. 
10 Calcite. 
Light green calcitic rock between spheres con-
sists of the following: 
% Minerals 
40 Calcite. 
40 Aegerine needles. 
10 Black biotite (0.06 rnm. dia.). 
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10 Analcime, faint birefringent ground-
mass. 
Rock ~YEe (b): Rock with essentially fine-grained 
pyroxene and black magnetite with minor calcite. 
Thin section (5-3 4 ). Sill from the west wall at the southwest end of the open pit. 
Description: A few scattered phenocrysts of 
pyroxene (up to 4.0 rnm. long) completely altered, 
and of nepheline (about 0.4 mm. wide), also al-
tered. Alteration minerals are sericite, anal-
cime, and quartz. Altered phenocrysts constitute 




30 Fine-grained, weakly b~fringent to 
isotropic, late, groundmass mineral. 
55 Aegerine needles. 
10 Green and black mica and vermiculite(?) 
Rock typ~~: Dark green porphyritic with 
coarse-grained groundmass, no nepheline pheno-
crysts. Ouachitite. 
Thin sections (20), (76) from six-foot dike from 
near the south flank wall in southwest part of 
the pit. Thin section (21) is similar and is 
from a dike on the west wall. 
Description: (mostly from (76)). 
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Phenocrysts: Phenocrysts of titanaugite (up to 
6 mm. long), brownish-yellow, euhedral crystals. 
Some crystals zoned. One hornblende(?) pheno-
cryst. Phenocrysts form 3 to 5% of rock. One 
large magnetite or black biotite mica phenocryst 
(2 mm. wide) and strongly resorbed. 









Biotite (0.4 mm. long). 
Sphene, reddish-brown (46 microns 
wide). 
Aegerine pyroxene needles, green to 
white (0.15 to 0.25 mm. long). 
Ilmenite·-magnetite (about same size 
as sphene). 
Calcite. 
Analcime, late, weakly birefringent 
to isotropic groundmass. 
Sphene in biotite, magnetite and groundmass 
and also altered to ilmenite. 
Rutile with ilmenite borders. 
Plate 85 shows a hand specimen of this rock 
with an included fragment of shale. Note the 
black areas which are phenocrysts of biotite and 
augite. 
Faulted barite beds along the igneous dikelets. 
Bedding is often offset by the dikes. Figure 1, 
Plate 86 shows faulted nodular barite beds along 
a dikelet with a displacement of 5 em. and loca-
ted at the nose of the Chamberlain Creek syncline. 
There is a neighboring dike with a thickness of 
30 to 50 em. along which baritic siltstone beds 
are displaced from 1.5 to 2 meters. Figure 2, 
Plate 86 shows a dikelet from the south-western 
end of the open pit which cross-cuts barite 
layers. 
Relationship of_lgneous intrusion to origlQ_Qf 
Earite. The folds, faults, minor breccia, and 
small amount of redistributed calcite and quartz 
in the barite beds along the contacts with the 
igneous rock are the result of intrusive igneous 
activity. The lack of symmetrical distribution 
of barite around the intrusions, and the cross-
cutting of barite nodules by igneous rock are 
evidence that the barite and intrusions are un-
related. 
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Plate 85. Rock type (a) with a long included fragment of 
shale from near the upper left corner to the bottom of the 
specimen and is 1 ern. thick. Note the black areas which 
are pheno~rysts of biotite and augite. 
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Figure 1. Faulted nodular barite beds along a dikelet at 
the nose of the Chamberl ain Creek syncline . 
Figure 2. Barite layers displaced by a small dikelet at 
the southwest end of the Chamberlain Creek syncline pit . 
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Plate 86. Barite beds cross-cut by igneous dikelets in the 
Chamberlain Creek syncline . 
V C H E M I C A L A N A L Y S E S 0 F 
A R K A N S A S B A R I T E M A T E R I A L 
A Introduction and method 
No accurate analyses have been previously made of 
Arkansas barite. Samples were taken from different deposits 
and from different places in the stratigraphic section of 
each deposit. See Appendix 1 for the description and loca-
tion of samples for chemical analyses. Each sample repre-
sents two to five centimeters of the stratigraphic section 
which may be for an entire bed or only part of a bed. 
Samples include the main ore types and thin sections have 
been made from all of the specimens from which samples 
were taken. The samples were analyzed as part of the com-
parison with the pyrite-sphalerite-barite deposit of Meggen, 
the barite of which had already been investigated chemically 
by Dr. Puchelt. 
Forty-five samples from the various Arkansas deposits 
were analyzed for CaO and SrO with the flame photometer by 
II 
Dr. H. Puchelt and the author at the University of Tubin-
gen, Germany. Ten samples were analyzed twice by Dr. H. 
Puchelt for Si0 2 , Fe 2o 3 , MnO, Al 2o 3 , Ti0 2 , CaO, SrO, MgO, 
and so 3 , and the results (Table 6) are averages which do 
not vary more than 5% from this value. Ti0 2 and MnO were 
determined with the spectrophotometer. CaO and MgO were 
determined by titration with versenate. X-ray diffraction 
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was used to determine the clay minerals, micas, and feld-
spar. Specific gravity determinations were made on all of 
the samples with the pycnometer. co 2 was determined with 
the co 2-determination apparatus and was carried out on most 
of the samples. 
The rapid method used on the 45 samples for determin-
ing CaO and SrO content with the use of the flame photo-
meter was developed by PUCHELT (1963). The method consists 
of the following steps: 
1. Dissolve 500 mg. sample in 15 ml. perchloric acid 
(HCl0 4 ), and warm on hot bath for 1-2 hours until 
barite has dissolved. 
2. In a separate beaker make a solution of 20 ml. 
Complexone 2 and 30 ml. NH40H. 
3. Add (1) to (2) slowly. A white precipitate forms 
which redissolves quickly (possibly (NH4 ) 4 Cl0 4 , 
ammonium perchlorate). 
The Complexone 2 (the "2 11 represents the free acid or 
the H+ on both sides of the molecule pictured below) con-
sists of 50 g. versenate per liter NH 4oH. Versenate is an 
English name and consists of Ethylenediamine tetra-acetic 
acid ~ EDTA or H4 . 
EDTA: 
HOOC - CH2 \t 
H - N 
~2 - ooc -
CH2 - coo 
+/ 
- CH - CH - N - H 2 2 ~CH 
- COOH 2 
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The EDTA forms rings with barium ion because each Ba++ 





' 0 - Ba 
represents 1/2 of the bond between the barium and 2 car-
boxyl groups. 
Three 100 ml. bottles of solution were prepared for 
each sample to be analyzed by the flame photometer. 
bottle contained 50 mg. of sample. 
Each 
To one of the bottles was added 0.5 mg. SrO, and 0.5 
mg. CaO, and to a second bottle 1.0 mg. SrO, and 1.0 mg. 
CaO was added. The two bottles in which the SrO and CaO 
were added were used as standards (one bottle was known to 
contain 1% SrO, and 1% CaO, while the other bottle was 
known to contain 2% SrO and 2% CaO). 
During the SrO analysis of each sample by the flame 
photometer, the unknown solution was alternated with the 
standards so that the unknown was a~alyzed from 5 to 10 
times, and each standard was analyzed from 3 to 5 times. 
Each value for SrO given in Table 5 represents the average 
of 10 to 15 values which were calculated from the peaks 
made on the tape. 
During the CaO analysis of each sample by the flame 
photometer, the unknown solution was alternated with the 
standards. Each unknown was analyzed about 5 times, and 
each standard was analyzed about 3 times. Each value for 
CaO in Table 5 represents the average of 3 to 6 values 
which were calculated from the peaks on the tape. 
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The results of the SrO and CaO analyses (Table 5) are 
averages which do not vary more than 10% from this value. 
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B SummaEY of results and conclusions 
The analyses with the flame photometer shows the fol-
lowing: 
1. In 18 of the 45 samples the SrO content is between 
0.4 and 0.6% (see histogram, figure 42}. In 17 of 
the 45 samples the BaO/SrO ratio lies between 50 
and 100 (see histogram, figure 43). Within each 
deposit (figure 44 to 48 inclusive) an increase 
in Sr usually corresponds to an increase in Ba and 
a decrease in Sr usually corresponds to a decrease 
in Ba. 
2. The strontium content in the barite in the Arkan-
sas Novaculite is quite low relative to the Sr 
content in the Stan'ley Shale and the Cretaceous 
sandstone (see figure 38 and 40). 
3. The CaO content is highest in the Chamberlain 
Creek syncline, then lower in the Gap Mountain 
deposit and lower still in the Henderson and 
McKnight deposits at Fancy Hill (figure 41}. 
This indicates in general a decrease in cal-
cium content from east to west across the barite 
belt and also a lower calcium content in the 
barite on the south side of the Mazarn syncline. 
In some of the deposits as, for example, the Hen-
derson deposits at Fancy Hill (figure 48), the 
increase in strontium content corresponds to an 
312 
increase in calcium content and a decrease in 
strontium corresponds to a decrease in calcium. 
With higher calcium content as in the Chamberlain 
Creek syncline (figures 44, 45, 46) the increase 
and decrease in calcium does not always follow an 
increase and decrease in strontium. The content 
of co 2 is related in most cases to CaO content 
(figure 36). 
The wet chemical analyses (conventional chemical analy-
ses) of the 10 samples show the following: 
1. SrO does not increase with Al 2o 3 or with Si0 2 (fig-
ure 37 of SrO and Al 2o~. When Al 2o 3 is high, SrO 
remains low. 
2. Ba and Sr show similar trends (figure 38). 
3. Sio 2 is related to Ti0 2 (see figure 34). 
4. 00 2 is related in most cases to CaO (figure 36). 
5. There is a relationship between specific gravity 
and Baso 4 content (see figure 32). 
According to the graph of specific gravity to Baso 4 
content of the 10 samples (figure 32), the Baso 4 content 
of the remaining samples was determined. In these samples 
which were used for flame photometer analyses, the specific 
gravities were determined first by using the pycnometer. 
Then the graph (figure 32) based on the ten samples was 
used. 
From the graph on the relation of SrO to BaO (figure 
38) is seen that the two barite samples from the Arkansas 
Novaculite beds contain very high BaO and relatively low 
SrO, and lie far off the curve. The two Arkansas Novacu-
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lite samples are very low in CaO (figure 39). The samples 
in the Stanley Shale Which have an SrO content between 0.4 
- 0.6% and which have a high barite content (figure 38 
again) are also relatively low in CaO (compare with figure 
39). Also, the samples which contain about between 0.4 -
0.6% SrO and which have lower BaO contents are seen to have 
a relatively higher content of CaO. The CaO content remains 
low (i.e., below 0.4% CaO) with a SrO content below 0.4%. 
With higher SrO content, the CaO content may be very high 
and has a wide range. These relationships show that the 
amount of each of the 3 elements which is deposited depends 
upon, or is influenced by, at least the other 2 elements, 
and probably that the response of the salts in the sea 
water may always be in close relation to the already pre-
cipitated salts. 
The MnO increases with BaO (figure 35) and the Ti0 2 
increases with Si0 2 (figure 34) and Al 2o 3 (figure 33). The 
MnO (probably manganese dioxide hydrate) is negative in the 
colloidal state and adsorbs barium ions. The Ti0 2 (titanium 
dioxide hydrate) on the other hand is adsorbed to the nega-
tively charged colloidal Si0 2 , and, according to OORRENS 
(lecture, St. Louis, 1964), titanium minerals are contained 
in small amounts in clays, and the very fine-grained titani-
um minerals are transported with the aluminum silicate clay 
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minerals. This explanation may account for the linear rela-
tionship which exists between Al 2o 3 and Ti0 2 (figure 33). 
The Sr content in the large, layered Meggen barite-
sulfide deposit is similar to the Sr content in the Arkan-
sas barite deposits. PUCHELT (1960) presents the following 
values for Meggen: 1) Ba:Sr ratio is greater than 150, and 
the average Sr content is 0.3% in the older part of the de-
posit, 2) Ba:Sr ratio is less than 100, and the average Sr 
content is 0.79% in beds in the younger part of the deposit, 
and 3) Ba:Sr ratio is greater than 200 in the older beds, 
and 110-165 in the upper beds in the transition zone between 
the older and younger parts of the deposit whose Ba:Sr ratios 
are presented above in 1), and 2). 
According to PUCHELT (1960) analyses of samples from 
the Grauerz orebody at Rammelsberg resulted in the follow-
ing values: 1) Ba:Sr ratio is up to 42 in the beds in the 
u lower one-f~rth of the deposit, and 2) Ba:Sr ratio is equal 
to or greater than 150 in the younger beds. These values 
show that the Sr content is highest in the older beds of 
the deposit, and diminishes gradually higher in the barite 
section. 
These values indicate that the Sr content and Ba:Sr 
ratio is similar for large, layered barite deposits. 
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C Analyses (tabulated results) from flame photometer 
Strontium and.calcium determined with the flame photo-
meter according to the HClo 4 - Extraction Process. co 2 
determined with the 00 2 determination apparatus. Specific 
gravity determinations by pycnometer. 
Table 5 
No. SrO CaO C02 
Sp. BaS0 4 BaO 
BaO 
Gr. SrO 
5 0.25 0.30 3.79 3.85 76% 50% 200 
7 0.48 0.47 1.83 2.96 26% 17% 35 
10 0.66 0.23 0.42 3.88 77% 51% 77 
11 0.45 28.09 23.14 3.23 41% 29% 64 
15 1.35 6.50 6.88 3.79 72% 47% 35 
18 1.30 0.86 1.29 4.11 90% 59% 45 
19 0.44 0.97 0.80 3.88 77% 51% 116 
21 0.44 1.61 2.31 3.34 47% 23% 52 
31 0.63 1.71 1.68 3.54 58% 39% 62 
35 0.46 0.60 0.74 3.27 44% 29% 63 
43 0.03 0.17 0.18 2.83 19% 12% 400 
46 0.26 0.14 0.11 3.94 80% 53% 204 
47 0.38 0.13 0.17 4.17 93% 61% 161 
49 0.68 0.73 0.89 3.50 56% 37% 54 
50 0.46 0.91 1.16 3.83 74% 47% 102 
51 0.15 0.06 0.22 3.53 58% 38% 252 
52 0.50 0.13 0.23 3.80 73% 48% 96 
53 0.32 0.31 0.17 4.16 93% 60% 187 
316 
Flame photometer analyses, continued. 
No. SrO CaO co 2 
Sp. Baso 4 BaO 
BaO 
Gr. SrO 
54 0.15 0.10 0.08 3.79 72% 47% 314 
55 0.30 0.22 0.27 4.22 96% 63% 210 
56 0.43 0.35 0.14 4.19 94% 60% 140 
57 0.67 0.09 0.32 3.77 71% 47% 70 
60 0.44 0.04 0.12 3.69 67% 44% 100 
62 0.64 0.09 0.24 3.74 70% 46% 72 
66 0.06 0.03 0.30 2.75 14% 9% 150 
67 0.45 0.17 0.20 4.12 90% 59% 131 
70 0.29 0.31 0.12 4.13 91% 60% 207 
71 0.30 0.26 0.09 4.09 89% 58% 193 
73 0.42 0.03 0.21 3.90 78% 51% 121 
76 0.02 0.05 0.19 2.66 10% 7% 350 
78 0.64 0.07 0.05 3.96 82% 54% 84 
79 0.83 0.08 0.39 3.82 74% 49% 59 
83 0.51 0.02 0 3.57 60% 39% 76 
85 0.48 0.06 0.21 3.98 83% 55% 115 
88 0.42 0 0.23 3.47 54% 35% 83 
90 0.46 0.06 0.12 3.67 66% 43% 93 
94 0.51 0.06 0.03 4.36 100% 67% 131 
96 0.26 0.01 0.08 3.53 58% 38% 146 
100 0.36 0.09 0.88 3.38 50% 33% 92 
102 0.87 0.05 3.73 69% 45% 52 
107 0.09 0.06 4.09 89% 58% 650 
109 0.08 0.04 4.19 94% 62% 775 
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Flame photometer analyses, continued. 
No. SrO CaO C02 
Sp. Baso 4 BaO 
BaO 
Gr. SrO 
113 0.50 0.25 3.33 47% 31% 62 
118 0.43 0.06 4.18 94% 62% 144 
119 0.23 0.32 3.82 74% 49% 213 
318 
D Analyses (tabulated results) from conventional wet 
chemical methods, and 
11 






4 Si0 2 2.48 
5 Fe 2o 3 0.42 
6 MnO 0.009 
7 Al 2o 3 0.53 
8 Ti0 2 0.017 
9 CaO 28.09 
10 SrO 0.45 
11 BaO 28.75 
12 MgO 0.48 
13 503 * 15.35 
~3 to 13 100.51 
* Value calculated from 
BaSO 4 and Sr SO 4 




























































Chemical analyses, continued. 
50 
1 Sp. Gr. 3.83 
2 C02 1.16 
3 Ignition 
loss 1.56 
4 Si02 17.94 
5 Fe 2o 3 1.58 
6 MnO 0.009 
7 Al 2o 3 3.84 
8 Ti0 2 0.15 
9 CaO 0.91 
10 SrO 0.46 
11 BaO 47.45 
12 MgO n.d. 
13 so3 * 25.04 
~3 to 13 98.94 
* Value calculated from 

































































E Graphical relationships 
Figures 32 to 43 inclusive are graphs and histograms 
showing in most cases chemical relationships between various 
constituents or between the chemical constituents and the 
sample numbers. 
Figures 44 to 48 show relationships between content of 
CaO, SrO, and BaO in the barite beds to the position, in 
meters above the base of the barite beds of the various 
samples tested from the barite beds in each deposit. 
Each point on the four graphs (figure 44 to 48) repre-
sents the analysis of two to five centimeters of the stra-
tigraphic section, which may be either for an entire bed, 
or only part of a bed. The lines which connect the values 
of the samples on a graph are used only as an aid in show-
ing the relative amounts of BaO, CaO, and SrO with one 
another from sample to sample. The lines do not represent 
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VI F 0 S S I L S F R 0 M T H E 
S T A N L E Y S H A L E 0 F A R K A N S A S 
Fossils are rare in the Stanley Shale, but during the 
course of the present investigation, burrows or fillings 
of a burrowing organism, identified as Scalarituba, and 
plant fragments were found in the Stanley Shale above the 
barite beds in the Chamberlain Creek syncline. Orbiculoid 
brachiopods were also found in the black, siliceous, barite 
beds at the Gap Mountain deposit. Plates 87 and 88 contain 
illustrations of the fossils. 
The Stanley Shale above the Hot Springs Sandstone in 
the Chamberlain Creek syncline consists of 10 to 15 meters 
of barite with siltstone and shale in the lower part, fol-
lowed by about 85 meters of alternating sandstone and 
shale beds, which are in turn followed by about 20 to 30 
meters of tuffite. The fossil burrows shown in Plate 87 
were found in silty shale in the sandstone-shale section 
about 25 meters above quartzite and novaculite beds of the 
Hot Springs Sandstone. 
The specimens were examined by Dr. A. c. Spreng of 
the University of Missouri at Rolla, Dr. J. M. Schopf 
of Ohio State University, and Dr. L. G. Henbest, of the 
u. s. National Museum, Washington. 
The burrows or fillings consist of two parts: 
1) a dark gray interior strip about 6 em. long consisting 
of half moon-shaped segments about 3 mm. long, and as wide 
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as the width of the dark strip, each segment spaced behind 
the other~ 2) light gray, outer rims on both sides that 
are lobed along the outer margin. 
Dr. Schopf identified the burrows or fillings as belong-
ing to the genus Scalarituba. Similar burrows occur in the 
upper part of the Logan Formation in Ohio, and the fossils 
may have a facies significance. Acoording to Dr. Henbest, 
Scalarituba Weller was named for specimens from the Lower 
Mississippian of Missouri and the fossil occurs in Lower 
Mississippian clastic limestone of New Mexico and in flysch 
sandstones in certain phases of the Atoka Formation and 
higher Middle Pennsylvanian rocks of Arkansas. The flysch 
which is commonly marked by Scalarituba and Taonurus is 
probably not an exclusively deep marine sediment. The 
environment of the Scalarituba beds that have been seen is 
shallow marine or brackish water, perhaps estuarine. 
Scalari tuba is illustrated as a 11 trace fossil" in 
Volume W (Miscellanea) of the "Treatise on Invertebrate 
Paleontology" is sued by the Geological Society of America. 
Dr. Spreng identified the orbiculoid brachiopods shown 
in Plate 88 which were found in black, siliceous barite 
from the Gap Mountain deposit. 
The fossils shown in Plates 87 and 88 which were for 
the first time oollected from the Stanley Shale during the 
present investigation are presently in the oollection in the 
u. s. National Museum, Washington, D. c. 
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Figure 1. Trails or impressions of the fossil Scalarituba 
from the west wall of the Chamberlain Creek syncline in the 
Stanley Shale about 25 meters above the Hot Springs Sand-
stone . The elliptical feature in the rock specimen above 
the specimen with the Scalarituba is a plant fragment also 
found elsewhere at the same stratigraphic horizon (see also 
text on page 338). 
Figure 2. Trails or impressions of the fossil Scalarituba. 
See also text on page 338. 
Plate 87. Trails or impressions of the burrowing organism 
identified as Scalarituba, and plant fragments from the 
Stanley Shale in the Chamberlain Creek syncline. 
Plate 88. Orbiculoid brachiopods from dark gray to black 
barite beds of the Stanley Shale from Gap Mountain. 
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VII E X P L 0 R A T I 0 N F 0 R B A R I T E 
I N A R K A N S A S 
During an early period in the exploration of the barite 
at the Chamberlain Creek syncline, PARKS & BRANNER (1932) 
made the following observations: the barite is bedded~ its 
stratigraphic position is above the Hot Springs Sandstone~ 
its occurrence is on the flank of a closed syncline. They 
considered that the best procedure of exploration would be 
to find and prospect similar structures. 
Additional criteria for the possible existence of other 
deposits are presented by MCELWAINE (1946). He recognized 
the large spatial distribution and similarity of the habit 
of the deposits including related structure and stratigraphy 
and similarity of ore types. In picking a target area for 
further prospecting he presents various geographic and topo-
graphic criteria as applied to the western part of the Qua-
chi ta Mountains and the south side of the Quachi"ta anticline 
where outcrops along the Arkansas Novaculite - Stanley Shale 
contact are more abundant and in an area of rugged topogra-
phy. Criteria dealing with topographic expression and 
physical properties of barite are also presented. 
The large scale form of the known deposits is that of 
a lenticular deposit which might indicate deposition in a 
basin. The similarity of ore types in the deposits indi-
cates similar environmental conditions near the rim of the 
Mazarn syncline at the time of deposition. In this case 
343 
barite deposits would occur along a line on which the Cham-
berlain Creek syncline, Gap Mountain, and Henderson deposits 
lie. The small barite deposit in the Pigeon Roost Mountain 
area north of Glenwood lies on this line, but much of the 
area is also in the Mazarn syncline. Deposits in the Mazarn 
syncline would probably be non-commercial at the present 
time because of their depth. 
The thickness of strata between the conglomerate and 
barite beds, and the novaculite might be useful in locating 
deposits. According to Don E. Williams, conglomerate beds 
often occur in the stratigraphic section with barite beds. 
At Gap Mountain, over 30 meters of shale with conglomerate 
occurs below the barite beds. In the Chamberlain Creek 
syncline a conglomerate lies near the top of the barite 
beds. The conglomerate beds and the thickness of shale 
below the barite beds might be used to determine the loca-
tion of barite deposition within a basin. Figure 49 shows 
the probable location of the deposits within the depositional 
basin. 
Oscillations of sea level could produce lenticular 
bodies within a basin (see HAM & MERRITT, 1944, on sedimen-
tary deposition of barite in the lower Permian beds of 
Oklahoma). 
Pyrite and barite nodules are useful indicators of 
larger barite deposits since they usually border a deposit. 
The strontium content of the shale might also be useful 





Figure 49. Stratigraphic position of the conglomerate 
and barite beds of the Chamberlain Creek syncline, Gap 
Mountain and Fancy Hill deposits within the basin of 
deposition. 
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0.4% often coincides with a large content of calcium and 
barite. 
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VIII S U M M A R Y A N D C 0 N C L U S I 0 N S 
The objective of this study has been to determine the 
geometric and mineralogic relationships existing between the 
barite and related sediments in the Stanley Shale in Arkan-
sas and also to establish geometric, mineralogic, petrographic, 
and geochemical criteria for the interpretation of the origin 
of the barite and associated minerals. 
Field work has consisted of an examination of strati-
graphic sections, collection of specimens, and the drawing 
in the field of detailed cross-sections and views in per-
spective of the stratigraphy and structure of the barite 
cuts at the Chamberlain Creek syncline, near Magnet Cove, 
and the Gap Mountain, Henderson, and McKnight deposits in 
the Fancy Hill District. Laboratory work has consisted 
mainly of analyzing the fabric and mineral composition of 
the ore-bearing shale as revealed in thin sections and hand 
specimens. 
Numerous ~etal structures believed to have formed 
at the time of sedimentation and during burial and compac-
tion have been found and described for the first time. 
These structures offer a direct approach to the genetic 
interpretation. For this reason a major portion of the the-
sis work is concentrated on them. They include a) bedding 
around barite nodules where a triangular-shaped shale wedge 
occurs along the side of the barite nodule, b) sagging and 
compaction features of barite and shale layers and the 
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sagging of bedding between barite nodules, and c) the shapes 
of lenses and nodules in which the bottom surfaces are more 
gently curved than the top surfaces. Other gravity features 
include slumps and recumbent folds. 
At least two types of rhythmic layering are observed 
in the sediments. They are: a) nodular barite beds alter-
nating with abundant shale, and b) barite beds alternating 
with only thin shale seams. The nodular barite beds in the 
type a) furthermore are interlayered with beds of dense 
barite and/or beds of barren shale. These rhythmic.beds 
also show gradual changes in thickness. 
In the type b) rhythmic layering the barite layers are 
a fraction of a centimeter to several centimeters in thick-
ness and are interlayered with thinner shale seams. The 
barite layers become progressively thicker upward. Up to 
five or more such similarly layered sequential units each 
of about 30 em. in thickness, have been observed at the 
Chamberlain Creek syncline. 
The most feasible process for the primary formation 
of barite and pyrite is precipitation by sulfur bacteria 
which involves the production of both sulfide and sulfate 
ions. 
The geometry, geopetal features, and rhythmic layering 
indicate that the structure of the fabric and hence the 
barite is primary. 
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A P P E N D I X 1 
DescriEtion and location of samples for chemical analyses 
Sample 
~~ Description and location 
Section V, Chamberlain Creek. 
5 Granular bedded barite with thin seams of shale 
and pyrite. Lower part of unit 4. 
7 Baritic siltstone bed with barite nodules. Middle 
of unit 4. 
10 Dark, heavy, layered barite. Lower part of unit 2. 
11 Calcareous barite lens, unit 2. 
15 Banded ore, lower part of ore body, unit 1. 
18 Barite below breccia bed. 
5. 
From upper part of unit 
50 Barite chert breccia from middle of unit 6. 
Section VII, Chamberlain Creek syncline. 
19 Granular barite with wavy layers of shale from lower 
part of unit 1. 
21 Baritic shale with pyritic barite nodules and from 
middle of unit 1. 
31 Barite nodules in shale and with calcareous chert 
layers. From unit 15. 
35 Barite nodules in shale from unit 17. 
Section IX, Chamberlain Creek syncline. 
43 En-echelon chert lenses in black shale with barite 
nodules, unit 8. 
46 Banded barite beds and shale laminae, unit 11. 
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Description and location of samples for chemical analyses, 
continued. 
Sample 
No. Description and location 
Section IX, continued 
47 Dense, dark, granular barite, unit 14. 
49 Wavy barite and shale laminae (abundant barite) 
with pyrite crystals, unit 29. 
50 See samples from Section V, Chamberlain Creek syn-
cline. 
Section XIII, Gap Mountain Barite deposit. 
51 Barite bed, unit 9. 
52 Barite bed, unit 7. 
53 Barite bed, upper part of unit 5. 
54 Dense, bedded barite 60 em. from top of unit 5. 
55 Dense, bedded barite 1.4 m. from top of unit 5. 
56 Dense, bedded barite 30 em. from base of unit 5. 
57 Dense, bedded barite, unit 1. 
60 Barite lens to layer, 2.6 m. below unit 1. 
62 Shale with barite nodules 1.65 m. below unit 1. 
66 Shaly rock with some barite 75 em. below unit 1. 
67 Dense barite bed 45 em. below unit 1. 
70 Granular layered barite, unit 3. 
71 Same as 53, 54, 55, 56. 
73 Dense bedded barite, unit 11. 
76 Baritic shale 1 m. above unit 11. 
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Descri~tion and location of sam~les for chemical analyses, 
continued. 
Sample 
No. Descri~tion and location 
Section XV, Henderson deposit at Fancy Hill. 
78 Lenticular barite bed with granular barite, unit 35. 
79 Barite lens (30 em. by 1m.) of granular barite and 
with splotchy, light areas, unit 35. (Enclosed by 
bed with sample 78). 
83 Barite worm ore in black shale, unit 18. 
85 Granular, dense worm ore, unit 12. 
88 Densely packed barite worm ore (stubby, wormy lenses 
in cross-section). Upper part of unit 10. 
90 Similar to sample 83. Lower part of unit 10. 
94 Dense barite bed, unit 5. 
96 Bed with abundant barite nodules, unit 8. 
Section XIX, Eagles Nest deposit. 
100 Barite nodules, unit 5. 
102 Hard, dense, fine-grained barite bed, unit 4. 
SamQles from the deposits in the Arkansas Novacu-
lite (Hatfield District). 
Section XX, McClure-Sallee deposit. 
107 Coarse grained to radial barite, unit 4. 
Section XXII, Blowout Mountain deposit. 
109 Similar to 107, unit 3. 
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Description and location of samples for chemical anal~es, 
·continued. 
Sample 
-~- Description and location 
Samples from the deposits in the Cretaceous beds. 
Cherry deposit. 
113 Siltstone with barite cement. 
Section XVIII, McKnight deposit (Stanl~ Shale). 
118 Granular barite, unit 16. 
119 Dense, granular barite with thin shale laminae, 
unit 17. 
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A P P E N D I X 2 
Charts 2 to 9 inclusive show sections through a cube 
along different directions and at various angles. These 
charts are useful for making comparisons of cross-sections 
through pyrite crystals in thin and polished sections for 
determination of the crystal form of the pyrite grains. 
Cubes cut from potatoes were made and stamped on an 
ink stamp pad and then printed on paper ( 11 potato printing 11 ). 
Chart 1 shows lines of sections together with the direction 
of dip of the section (direction of dip is the short line 
at right angles to the section line). (Each section is 
rotated clockwise away from the previous section.) The 
section was cut along the given direction and then the angle 
measured. In all cases the cube size (length of an edge) 
was measured, but most of the cubes were cut with an edge 
from 1.5 em. to 2 ern. Angle of dip (angle from the horizon-
tal surface, downward) and size of cube are given below: 
Section angle of diE. cube size in em. 
1-b 70 2.0 
1-c 55 1.5 
1-d 56 1.5 
1-e 63 2.3 
1-f 42 2.3 
1-g 45 1.4 
1-h 45 1.6 
2-b 60 1.5 
2-c 60 1.5 
2-d 65 1.5 
2-e 50 1.5 
2-f 60 1.5 
2-g 50 1.5 
2-h 55 1.5 
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Section angle of diE cube size in em. 
2-i 55 2.0 
2-j 60 2.2 
2-k 60 2.0 
2-1 60 1.5 
3-b 53 2.3 
3-c 47 2.3 
3-d 47 2.3 
3-e 57 2.3 
3-f 56 2.1 
3-g 57 2.1 
3-h 58 1.3 
3-i 49 1.6 
3-j 65 1.1 
3-k 48 2.3 
3-1 40 1.2 
4-b 66 2.2 
4-c 51 1.6 
4-d 56 1.6 
4-e 60 1.6 
4-f 60 1.1 
4-g 48 2.3 
4-h 50 2.3 
4-i 60 1.6 
4-j 50 1.5 
4-k 36 2.1 
4-1 53 2.2 
5-b 30 1.6 
5-c 30 1.9 
5-d 60 1.8 
5-e 65 2.3 
5-f 60 1.7 
5-g 60 1.9 





L = 70° 
0 2.0 em. 
L = 55 o D 1.5 em. 
56 0 L= 
0 ~.5 em. 
L= 
0 2.3 em. 
L= 42° 
:o· I o9. ·. 2.3 cm •. ~v: . . . '.,. . . 
. ·:. ~-~·: ~-
. : ·, ' :t· 
. . . . .. : ·:': 
L= 45o. 
·. o.) n.d. · 
See CHART 4- tor saation 1 h. 
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L == Goo 
0 = ·1.5 em. 
£J ·LJ L\ Ll !J LJ LJ 
L= 60° 
0 = 1.5 em. 
~ Lj; Ll ~· .~· /f 
L == 65 o 
0 = 1.5 em • 
. ~ Ll LJ·· C Lf·. ~~ 
. ·.· . 
L = 50° 
0 = 1.5 em. · 
000000 
L = 6oo 
0 = '"'1.5 em •.. 
L = 50o 
0 = 1.5 em. 
L = 55° 
CJ = 1 •. 5 om. 
. -.;..p· ......... ~ , ....... :.,.~·· ....... -"" •. ,j 
- .l CI!ART J f' 
A ' 
•. ,f4 •.:r "· .. ,. 
•) 
L = 55'" 
D = 2.0 om.· 
. · L = 60 ° · ·. · · · · 
o n.d. 
L == 60° 







.·.-·-· ···-~--~·-1'? '::lT··, ·:~· 
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I' ' ~ . l'~- . /" 1"'- I" ~ .... ~· ~ .~~ ,, 
. . . . 
L= 53• 
. . . 
0 = 2.3 em • 
. L1·.::~--~66.·d 
L-= 47° 
0 = 2.3 em. 
.·· 
L= 57° 
CJ = 2.3 em. 
L = 56° 
0 = 2.1 em. 
·~ ' . t 
. . _:. ~ 1_,_' 
9 
...... '5 ·~ -
L = 57o 
CJ = · 2.1 em • .- .. 
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- - ·-· I 1 • 
'.• . . ..... , . . ;· . . . . . . .. .. . . . Do.~ ,.~ ..... , ........... _o··  ·o o .. 3 •. · ...• Q:uu. · .. ' .. ·•· .. 
n. d. 
v L. := 490 
0 :e .1.6 
L= 48• 
em.. 
0 = 2.3 em. 
· L = 40• 
Cl .n.d •. 
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~ .. D··~b 
L= 66" '. 
D = 2. 2 em. 
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